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ADVANCED MATERIALS 


ACTIVITIES AT GOVERNMENT RESEARCH LABORATORIES REPORTED 
Particle Dispersion Composites 
Tokyo NIKKO MATERIALS in Japanese Feb 87 p 35 


[Article by Agency of Industrial Science and Technology, Government Industrial 
Research Institute, Kyushu: “Extrusion of Particle Dispersion Composites") 


[Text] Particle dispersion metallic composite materials consist of ceramics 
or other nonmetallic particles distributed throughout the ametal. The 
characteristics of these dispersed particles are expected to provide materials 
showing superior performance with regard to strength at high temperature, 
friction-resistance, self-lubrication, and the capacity to absorb vibration. 


For years researchers have attempted manufacturing technology for particle 
dispersion composites, with such methods proposed as surface oxidation and 
mechanical alloying (powder metallurgy methods), and whirlpool mixing, 
composite casting, and pelletizing (methods of directly mixing particles into 
the molten metal). 


Our laboratory--the Government Industrial Research Institute, Kyushu-~-has 
developed a new production method of composites, which is simplified over the 
conventional one. 


Our new technique is made up of two methods as follows: 


1. Dispersion technique of particles through vortex-mixing without 
preliminary treatment such as plating, adding metallic calcium to molten 
metal. 


2. Pressurized casting method of pouring molten metal among the particles 
filled in the mold beforehand. 


The discussion here will center around the use of hot extrusion to improve 
functionality and eliminate some of the problems inherent with particle 
dispersion composite materials. 


For vortex-mixing, a whirlpool is formed within the molten metal, and the nor- 
metallic particles are added and mixed within the whirlpool to form the 
composite materials. Composite materials obtained in this way will always 














contain air pockets unless gas-removal processing is undertaken. This 
shortcoming can be eliminated by extrusion processing. 


Figure 1 shows the specific gravity of graphite particle dispersion aluminum 
alloy obtaiuad by vortex mixing and the specific gravity of the same alloy 
after extrusion processing. As is evident from the graph, the specific 
gravity measured for the cast material is considerably lower than the 
calculated values (dotted line) based on the specific gravities of graphite 
and aluminum and the amount of graphite added. With the addition of 33 
percent graphite, porosity including shrinkable recess during casting reached 
24 percent. 
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Figure 1. Specific Gravity for Graphite Dispersion Aluminum 
Composite Material 


In contrast, the composite material treated by hot extrusion showed very close 
values to the calculated ones, indicating that the breaking down of air 
pockets by extrusion processing effectively produced unflawed metal. This 
increase in specific gravity naturally improved sechanical properties such as 
tensile strength; tensile strength values for the extruded material were hree 
to four times greater than for the common cast material. This also holds true 
for dispersion materials other than graphite. 


Extrusion processing also has the effect of reorienting the dispersion 
particles in the extrusion direction. This effect is usefal to use flake-fors 
and fiber-form distributed materials. 


In terms of mechanical properties, stress concentration due to the notch 
effect is a major problem for flake-forem dispersion materials such as graphite 
in metallic matrix materials. Because the dispersion particles are aligned in 
the direction of stretching during extrusion, the notch coefficient is 
decreased. In other words, extrusion processing strengthens the materials 
through the realignment of graphite particles in the direction of extrusion. 


The effect of extrusion on particle/metal composite materials is not limited 
to ceramic particles. The same results hold true for metal particle/metal 
composite materials (hybrid metals) formed by pressure casting. 








Particle dispersion composite materials demonstrate the same functions when 
cast, but extrusion casting makes it possible to improve performance. As the 
content of the nonmetallic particles increases, however, brittleness becomes 
more of a problem, making hot extrusion difficult. Our laboratory hopes next 
to carry out investigations in which we will combine swaging with extrusion 
processing. 
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Solar Converging Method 
Tokyo NIKKO MATERIALS in Japanese Feb 87 pp 35-36 


[Article by Science and Technology Agency, National Aerospace Laboratory: 
"Solar Collectors for Space Use") 


[Text] To expedite participation in space station plarning and the initial 
planning of free fliers, space development in Japan is focusing on opening 
doors to developments required by conditions of zero gravity and vacuum in 
space, with special emphasis on such areas as scientific and engineering 
experiments and materials manufacture. Solar condensers are proposed as an 
efficient method for harnessing abundant solar power to provide the large 
amounts of energy required for this type of space development. 


At the National Aerospace Laboratory, we are investigating solar condeiisers as 
they apply to useful space missions such as materials manufacture and power 
generation using heat engines. Trial manufacture has been undertaken of the 
reflective mirror segments which will form the basis of the light-condensing 
units. 


Segment prototypes fall into two categories, Type A and Type B. Both are 
regular hexagons having a maximum diagonal length of 600 mm, concave spherical 
mirrors having a curvature radius of 3,200 mm. For use in space, mirrors must 
be light and strong as well as having a highly refined reflective surface. 
The composite material CFRP is thus an appropriate source of base material. 


Type A, a CFRP skin surrounding an aluminum honeycomb structure, aims for a 
high degree of precision in the mirror surface. Type B is constructed from a 
surface skin alone and is extremely light in weight. It is expected also to 
have a shape-stabilizing effect on the curved surface. 


In order to increase the condensivity of the mirror, it was necessary to 
reduce surface irregularities as much as possible (submicron accuracy). For 
this purpose, a glass processing layer was attached to the surface, to allow 
polishing. Aluminum was then applied by vacuum evaporation to produce the 
mirror. 


For both segment types, the surface roughness was 0.03 . Reflectivity was 
85.5 percent for Type A ard 89.5 percent for Type B. In terms of 
condensivity, light traveling parallel to the mirror axis fell within a 3 x 3 
mm area on a position detectior sensor located 1,600 mm from the asmirror 
surface for Type A, with most of the light falling within 1 mm from the 
center, hile for Type B the light was concentrated within a 10 x 10 mm area. 
At this distance, the spreading of light waves due to spherical aberration is 
expected to be slightly under 2 mm for an ideal spherical surface, so that 
Type A shows a very good degree of precision. 








Reflective mirrors approximately 4 m in diameter and collecting approximately 
15 kw of light are appropriate for the initial stages of the solar condenser 
use in space stations. For future developments or for use in thermal power 
generation, mirrors of 10 m and above will be required. Quasi-regular 
hexagonal segments much like our prototypes, if arranged as shown in Figure 2, 
would form a mirror of approximately 4 m. When we consider factors such as 
transport into space, size of manufacturing facilities, and processing 
precision, it is more effective to make use of partitioning rather than to 
manufacture and process a large mirror as a single unit. Parabolic mirrors 
are ideal for obtaining a high degree of light condensation with large 
condensing mirrors, but are very difficult to manufacture. However, if 
individual parts of the parabolic surface are replaced with spherical segments 
closely resembling them, although levels of light condensation will decrease, 
it is still possible to achieve quite a high level of performance. 














Figure 2. Breakdown Diagram for 4 M Collector (Front View) 








We plan to continue our investigations into technology to provide even lighter 
weight reflective mirror segments (1-2 kg/a*), and to study integrated 
structures for large-scale condensing mirrors. 


Ceramics Thin Fils 
Tokyo NIKKO MATERIALS in Japanese Feb 87 pp 36-37 


[Article by AIST Chemical Research Laboratory: “Ceramics Thin-film Synthesis 
by Ultra High Vacuum Pulse Molecular Bean") 


[Text] It has become possible today to synthesize a material by breaking down 
the source materials into the atoms and molecules which are their smallest 
component parts, to spray these onto a substrate, and to arrange them on that 
surface in a given order. New materials are constructed as if the atoms could 
be picked up with tweezers and used like building blocks in a design. 


Of course, atoms and molecules have specific, umique characteristics. By 
making good use of these characteristics, the atoms can be tied one by one 
into the surface of a substrate, and the desired end product formed just like 
knitting a sweater. 


Conventionally, new surfaces have been found to be extremely reactive. In 
less than a total vacuum, new surfaces soon picked up impurities, unintended 
atoms and molecules, and reactions did not progress as expected. However, in 
recent years there have been technological advances which make super-vacuums 
readily available, and it has become possible to synthesize materials without 
interference from impurities. 


For example, in our laboratory the Energy Chemistry Section of the Basic 
Chemical Research Department has succeeded in synthesizing the surface shown 
in Figure 3 in which nitrogen atoms have been placed as if by tweezers into 
every fifth row of nickel atoms. Based on technology accumulated from 
handling surfaces on a molecular level, our laboratory designed and ultra- 
high-vacuum pulse molecular bean. This is a method ot synthesizing new 
materials by vacuum evaporation of metal atoms in atom lsyer units, and 
alternately spraying the gas flow in beam form onto a substrate for extremely 
short intervals. It differs from conventional methods in that a wide range of 
materials such as ceramics can be synthesized while the growth process is 
under direct observation, thus making possible highly accurate control of 
membrane thickness, etc. 


We will explain this process using as an example titanium oxide. After a one- 
atom layer of titanium atoms has been adsorbed under ultrahigh-vacuus 
conditions, oxygen molecules are blown across the substrate for the short 
period of 2 mm seconds [as published]. The oxygen molecules are drawn to the 
titanium atoms already on the surface, and react with them to form a single 
layer of titanium oxide. This can be repeated a number of times to obtain a 
titanium oxide film of the desired thickness. The synthesis reactions 
progress automatically, entirely under computer control. 
































Figure 3. Surface in Which a Row of Nitrogen Atoms (0) Separates 
Every Fifth Row of Nickel Atoms (0) 


This method has made it possible to synthesize titanium oxide film with the 
titanium oxidation status precisely controlled. This type of synthesis of 
titanium oxide is of practical interest because a wide range of electrical 
conductivity, from insulators to good conductors, can be produced simply by 
varying the number of pulses of sprayed oxygen. 


Carbon Fiber Reinforced Plastics 
Tokyo CERAMICS JAPAN in Japanese Feb 87 p 157 


[Article by National Aerospace Laboratory: “Laminated Carbon Fiber Composite 
Material Having Zero Thermal Expansion Over Wide Temperature Range") 


[Text] Thermal deformation is one of the major technical problems 
hypothesized for space station design. The structures are extremely flexible 
in relation to their size so the effects of sunlight on temperature 
distribution in the various sections could lead to induced deformation and 
vibration, and possible damage could occur by the end of the mission. To 
resolve these problems, the First Machines Section of the National Aerospace 
Laboratory, Science and Technology Agency, has been performing theoretical 
investigations concerning the thermal expansion coefficient of the new 
composite material CRFP. This carbon fiber reinforced plastic composite is 
widely expected to play an important role in reducing the weight of space 
structures. Results of theoretical testing indicated that a thermal expansion 
coefficient of zero can be achieved in the direction of a monoelastic main 
axis (patent pending). In initial corroborative trials for high temperatures, 
virtually the same characteristics were evidenced. 








Two elements were of major importance in configuring this theory; the concept 
of thermal elasticity invariant, and lamination parameters. Fukunaga of the 
National Aerospace Laboratory has researched layered parameters, demonstrating 
areas of great potential for optimizing strength, rigidity, etc. in composite 
materials. The configurational unit of layered saterials is the 
monodirectional material. When the fibers of this monodirectional saterial 
area slanted at an off-axis angle of 6 from the object direction, they become 
a tool for the unified description of characteristics of the entire sheet. 


The other concept, that of thermal elastic invariant, has been proposed by 
Ishikawsa of the National Aerospace Laboratory. Broadly speaking, this 
includes all the unvarying factors regarding coordinate transformation for 
rotation of 3, composed of thermal expansion coefficients end elastic 
modulus. in combination with the above-mentioned laminaticn parameters, of 
course, this provides some very convenient forms. 


If we assume that laminated materials for practical use are normally 
configured symmetrically with regard to the central surface, with equivalence 
of +8 layers, then the elasticity modulus in the direction of a sain axis of 
the lamsinated material can positively be expressed using these two concepts. 
if this is set at 0 and the formula is manipulated, then conditions where 
thermal expansion is 0 are shown by parabola on the £,, {> plane. When a 
CFRP carbon fiber content of 60 percent by volume is assumed for this curve, 
and the three material constants for low temperature, normal temperature are 
substituted, the results are as shown in Figure 1 [omitted]. These lines 
inters>ct near a single point. This indicates that by using the lamination 
parameters for this point, we can obtain a material with zero thermal 
expansion over a wide range of temperatures. Figure 2 [omitted] shows an 
example of a lamination construction which combines 0° and 26 to approximate 
conditions at this point of intersectior Test samples of 25 x 250 x 1 m 
with this type of laminate were produced, and thermal expansion experiments 
were performed at high temperatures (from normal temperatures to 120°C). 
Figure 3 [omitted] shows the results of these tests compared to the results 
for aluminum alloy It was found that thermal expansion could be held near 
zero. Several things make possible this control of thermal expansion. The 
most important factor is the small negative thermal expansion in the fiber 
direction for sonodirectional CFRP, due to the ordering and fixing of carbon 
fibers in a single direction. Thus, by laminstion of fiber-directed materials 
of CFRP and diagonal sonodirectional materials which show thermal expansion 
just as with ordinary materials, we can obtain materials in which compression 
and expansion are effectively balanced, yielding zero thermal expansion. This 
technology will make it possible not only to utilize CFRP properties of 
strength and light weight, but also to provide dimensional stability in 
applications of CFRP as a spaco material. In the future, if these prorerties 
can be corroborated over a wide range, then the technology may find 
application in a variety of engineering fields. The test samples were 
prepared only in sheet form. However, the National Aerospace Laboratory has 
hypothesized future direct application to space station trusses. Future plans 
include the preparation of filament-wound pipe-shaped test samples and 
corroborative testing, including testing at low temperatures. (KOGIKEN NEWS 
No 332) 

















Carbon-Fiber Reinforced Alusinus 
Tokyo CERAMICS JAPAN in Japanese Feb 87 pp 157-158 


[Article by Government Industrial Research Institute, Osaka: “Development of 
Surface Covering Method of Carbon Fiber Used as Reinforcement for Aluminus" | 


[Text] The development of carbon-reinforced aluminum alloys and sagnesius 
alloys (NCFRAl and CFRMg), with their superior dimensional stability and 
resistance to thermal deformation at high temperatures, is expected to provide 
materials of value for space equipment and airplane construction. R&D is thus 
moving forward on a variety of fronts. The golten metal impregnation sethod 
of CFRAl manufacture appears promising. To improve the wetting of carbon 
fibers (CF) with aluminum, a sethod of coating the fibers with a Ti-B file has 
proved effective. At the Industrial Research Institute in Osaka of the Agency 
of Industrial Science and Technology, researchers are focusing on the 
development of CFRAlL using extremely high-strength PAN-based carbonized 
filaments. Methods of covering the CF surface with a protective film vere 
investigated to prevent reactions which would weaken the fiber surface, and a 
CFRAlL wire turther strengthened by the coating fibers wat produced. The 
effects of the film coating were investigated with resalts indicating that 
when using carbonized filaments to reinforce aluminum, the carbon film could 
be applied as a subcoat for a metal carbide fiie or used alone as a coating. 
In either case, CFRAl was obtained which showed values close or equivalent to 
theoretical values for reinforcing efficiency. 


As a protective film a metal carbide (SiC) which is relatively stable for Al 
film was applied over the carbon fibers, and the effect on fiber strength was 
investigated. The CVD method was used fcr coating. PAN-based filaments 
(3,000 filaments) were heated to 1,200°C and placed in direct contact with a 
gaseous mixture of sonomethyltrichloro silane, hydrogen, and argon. As 

Figure 1 [omitted) shows, the individual filaments were uniformly coated. SiC 
was produced through the reaction CH;SiCl, = Hy --> SiC + HCl. When hydrogen 
was not included in the supplied gas, a film made up of carbon containing only 
a trace of SiC was formed; when hydrogen content was high, a film sade up 
entirely of SiC was produced. Investigations of coated fiber strength showed 
that the fiber covered by film of SiC alone showed a reduction in strength to 
60 percent of the level for the original carbon fibers. A two-layer coating 
in which a carbon film containing a trace of SiC was applied and then coated 
with a film of SiC alone worked well in saintaining the original fiber 
strength. A two-layer coated fiber, in which the carbon film with a trace of 
SiC was replaced with a pure carbon subcoating, also showed the same degree of 
strength as the original carbor fiber. Since wetting by solten aluminum was 
poor for SiC coated fibers, a Ti-b coating (reduction of a mixture of gaseous 
TiCl, + Bel, by Zn-vapor of 700°C) was applied before passing the fibers 
through the solten aluminum. Figure 2 illustrates the continuous process from 
original carbon fiber to CFRAl wire. The tensile characteristics of the 
resulting wire are shown in Table 1. Im terms of tenacity the carbon/SiC two- 
layer coated fiber in comparison to value calculated from composite rules 
(theoretical strength) showed a ratio (ROM ratio) of 90 percent to 100 
percent, while the same calculations using the strength of original cardon 
fibers showed reinforcing efficiency of 100 percent to 90 percent. This 
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Figure 2. Production Process for CFRAl Wire; CF: carbon fiber 




































































Table 1. Tensile Strength of CFRAl1 Wire 
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a: Coated with Ti-B before passing through Al 
b: Al matrix, all others Al alloy 6061 strength 
of carbon fibers (kgf/mm?) : Carbonized filament A 314; 
Carbonized filament B 425; 
Graphite filament 241; 
Liquid crystal pitch base 266 


indicates that the wires were produced without loss of fiber strength. 

Figure 3 [omitted] shows a tension-fractured surface of a wire produced from 
carbon-SiC-Ti-B coated fibers, with a relatively large degree of fiber 
drawing-off in evidence. This suggests a relatively weak adhesion between the 
aluminum and the carbon fibers. 


We have confirmed that when aluminum is reinforced with carbonized filaments 
covered by carbon film alone or by carbon subcoat and the metal carbide film, 
CFRAl of reinforcing efficiency near or equivalent to theoretical value is 
obtained. The role of the carbon film in reinforcement of CFRAl1 is in 

1) eliminating defects on the carbon fiber surface and increasing fiber 
strength, and 2) preventing the propagation into the carbon fiber of cracks 
originating in the brittle Ti-B or SiC films. Investigations were performed 
to ascertain whether crack propagation was prevented at the carbide/carbon 
film interface and at the carbon film/fiber interface, and it is confirmed to 
occur at the carbide/carbon film interface. This crack prevention is thought 
to occur through flaking of the surface at the edge of the crack due to the 
relatively low strength of the junction between surfaces. At the Government 
Industrial Research Institute in Osaka research is presently underway in areas 
including titanium carbide coated fibers and titanium nitride coated fibers. 
(DAIKOSHI NEWS No 1) 
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ADVANCED MATERIALS 


R&D ON HIGH STRENGTH CERAMIC, HEATERS DISCUSSED 
Tokyo KINO ZAIRYO in Japanese Feb 87 pp 16-13 


[Text] Lately, ceramic heaters made of insulation ceramics holding heater 
materials inside or ceramics printed with electroconductive materials, etc., 
have been developed; various application fields are being cultivated for then. 
This article reports on the high strength ceramic heaters made of alumina- 
metal carbides where ceramic material itself serves as an electroconductive 
heater, and discusses their manufacturing method and an example of application 
which makes use of their various characteristics and functions. 


1. Introduction 


Materials for high temperature heaters are largely divided into metals and 
ceramics such as graphite, silicon carbide, and lanthanum chromite. The metal 
heaters are comprised of high melting int metals (Mo, Ta, W) and Cr alloys, 
specific resistance of each being 10°” 2*cm or less, which poses a limit in 
applying such heaters in fields where corrosion resistance and erosion 
resistance are required. 


On the other hand, ceramic heaters with low material strength were required to 
have a large section space in order to prevent loss by abrasion. Since this 
large section space of the heater is related to the heat capacity of the 
heater material itself, the ceramic heaters lacked a quick heating effect. 
Also due to the low erosion resistance of the material itself, their 
application to various fields was limited. 


The subject heater with a higher strength than the conventional ceramic 
heaters has been developed by giving the electroconductivity to fine ceramics 
so that they become multifunctional materials. 


The fine ceramics-related technology is quickly advancing at present, and the 
development of these functional materials is expected to further progress. 


2. Making Alumina electroconductive 
2.1 Electroconductivity-giving Substances 


Alumina which constitutes the major substances of our heater is, as has been 
well known, an insulation substance with its intrinsic resistant value being 


10 





1014 - 1016 + cm. In order to give electroconductivity to this insulation 
substance to be used for this heater we decided to combine substances with a 
low intrinsic resistance value (electroconductivity-giving substances). After 
repeating examinations of the substances that can form high strength ceramics 
with appropriate electroconductivity, it has been seen that the metal carbides 
shown in Table 1! are effective as electroconductivity-giving substances and 
that by combining them the heater materials as strong as 0.1 kgf/cm? in Sharpy 
impact value can be made. The relationship between the combination volume of 
the electroconductivity-giving substance and specific resistance value is 
closely related in the volume percentage, and even with the same combination 
volume percentage, specific resistance of the heater material varies with the 
intrinsic resistance of the electroconductivity-giving substance itself. 


Table 1. Characteristics of Electroconductivity-giving Substances 

es ‘fic | 
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noc | 7.82 | 200 | 3500 | m4 | 
TaC | 145 100 | 3880 | 3% | 
we | 157 2400 | 2870 | $3 | 
Mo:c| 918 | 1500 | 200 | a | 
CrsCx} 6.68 | 1300 | 1895 | ( 100)e | 


Note: ( )@ Gets senersted by our conpany 















































2.2 Relationship Between Volume of Electroconductivity-giving Substance and 
Specific Resistance 


The relationship when titanium carbide (TiC) is combined as the 
electroconductivity-giving ingredient is shown in Figure 1. 
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Figure 1. Specific Resistance of Alj03-TiC Sintered Material 
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Following the increase in TiC volume added to the insulation material alumina, 
the number of TiC particles in the alumina grain boundary increases. When the 
number reaches a certain level the short-circuit phenomenon between TiC 
particles occurs. In other words, an electroconduction route is formed, and 
the material starts to show electroconductivity. 


When TiC combination volume is 17 volume percent or less, specific resistance 
volume widely fluctuates depending on the minute differences in particle size, 
and thus it is difficult to produce a heater which has a stable intrinsic 
resistance. 


When TiC combination volume nears 100 volume percent, the resistance value of 
the heater becomes close to the intrinsic resistance of TiC. The desirable 
TiC volume for a heater is 40 volume percent at best when sintering 
characteristics and oxidation resistance are considered. 


2.3 Relationship Between Crystal Size and Specific Resistance 


When manufacturing the heater, the important factor for quality control is the 
control of specific resistance value. This is because the specific resistance 
value depends on relative density of the sintered material even when the 
material's composition is the same, and the value also varies with the size of 
alumina and TiC particles. 


Thus, the major control point to produce the heater with constant quality is 
to control the relative density and particle size. 


Figure 2 shows the relationship between TiC crystal size and specific 
resistance value. The chart demonstrates that the larger the TiC particle 
size is, the smaller the number of TiC particles in the alumina grain 
boundary, resulting in growth of the specific resistance value. 
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Figure 2. Relationship Between Crystal Size and Specific Resistance 
(TiC 27 volume percent) 
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3. Manufacturing Method of the Subject Matter 
3.1 Raw Material Powders To Be Sintered 


In order to produce the subject heater made of high strength fine ceramics, it 
is necessary to use the powders of highly pure and fine particles. 


For alumina as a main material and carbide to be mixed as electroconductivity- 
giving substances, high purity powders of 1 um or less in mean particle 
diameter should be used, respectively. When these powder materials are being 
mixed, magnesium or other agents to restrict particle size growth may be 
added. Pulverization and mixing should be performed sufficiently before the 
material is made into the granules to be sintered. 


The experiment reported later, which was performed to show electric properties 
of the heater, used the material sample for sintering alumina as the major 
substance added with TiC in 24 volume percent. 


3.2 Sintering Method 


In general, manufacturing process charts as shown in Figure 3 are used to 
produce sintered alumina products by the powder alloy method. The material 
properties of the sintered alumina are shown in Table 2, which indicates that 
the hot-press (HP) method and the hot isostatic press (HIP) method are 
suitable to produce dense and high strength materials. 


Normal pressure Hot A hm 
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Figure 3. Ceramics Sintered Material Production Process Chart 
(in the case of alumina) 
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Table 2. Material Properties of Alumina Sintered Material 
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The subject heater is made by the HP or HIP method to acnieve a dense and fine 
sintered tissue. As seen in the following equations, a high strength material 
can be produced 





where S is the destruction coefficient, D crystal size, and P pore rate. 
3.2.1 HP Method 


The required sintering conditions for this heater varies with the type and 
volume of the electroconductivity-giving subs e to be added. Normally the 
compound is sintered with a pressure of kg/ or more at a temperature of 
1,300°C or higher. 


3.2.2 HIP Method 


The HIP method performs sintering by heating the material under isostatic 
even-pressure using argon or other inert gases as pressure mediums. In the 
past the process was conducted by placing the ceramic material to be treated 
in the glass capsules and sintering it at a high temperature.“ The major 
process employed today is to produce the pre-sintered material with a relative 
density of 95 percent or higher by normal pressure sintering, then perform the 
HIP treatment without using the capsules. 


By the HIP method, as well as by the HP method, dense and fine sintered 
material can be produced with even quality without orientation. The reason 
why the sintered material of dense and fine tissues can be produced by this 
method is that the pre-sintered material to be subjected to HIP can be 
sintered at a lower temperature than normal. This restricts the growth of 
particle size in the pre-sintered material, and since the HIP process scarcely 
causes particle growth, the finished material has a relative density close to 
100 percent. 


The subject heater is made of material with advantages of HIP--material whose 
relative density is almost 100 percent and mean crystal size is 3 ym or less. 


3.3 Formation of Heater Terminal 
In general, it is necessary to form the highly electroconductive terminal for 


the ceramic heater material in order to prevent overheating of the terminals 
and to keep the contact resistance from growing. Various methods have been 
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practically used to form the heater terminals. 
metallization of the terminal is used. 


4. Properties of Subject Heaters 


4.1 Material Properties 





For the subject heater, 


Regar the characteristics of the heater material of various types, 
Table 3° shows the characteristics of metal materials and Table 4°:’ shows 
characteristics of ceramic materials including the subject heater material. 


Table 3. Characteristics 


of Metal Heaters” 
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As seen in Tables 3 and 4, ceramic heater materials generally have larger 
specific resistance than metal materials and are suitable to be used as pole- 


shaped heaters. 


Particularly, 


graphite, 


silicon carbide and lanthanum 


chromite are highly regarded as heaters for various types of high temperature 
furnaces. On the other hand, the subject heater material, developed for 
somewhat different purposes, is a high density and high hardness material with 
a bending strength 10 times as much and a relative density close to 
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100 percent. Therefore this material is effective as a heater with a small 
space section and is also erosion resistant. It has a function of not causing 
pitting corrosion. 


Microscopically observed mirror-wrap surface tissue of this heater (with TiC 
24 volume percent) shows that fine TiC particles are evenly dispersed with 
very little density irregularity. This results in the characteristic of the 
material being without local variance in resistance value. 


4.2 Electric Properties 

4.2.1 Samples used for property testing 

For electric property testing we prepared sample pieces including TiC in 24 
volume percent in the forms of rectangular plate and pipe. The results of the 
tests for various electric properties are reported below. 

4.2.2 Test method 

To measure the basic electric properties, the system as shown in Figure 4 was 


used. The surface temperature of the heater in open air was measured by an 
infrared radiation type temperature sensor. 
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Figure 4. Heater Property Test System 


4.2.3 Heater properties 
(1) Relationship Between Temperature and Specific Resistance 


Results of the examination of a 265 mm long heater sample of 7 mm in external 
diameter and 5 mm in internal diameter are shown in Figure 5. 


With this heater, specific resistance showed an almost linear increase against 
temperature growth. When the temperature difference from room temperature 
(25°C) is indicated as T-25 = At, the specific resistance value Rr(Q*cm) at 
T°C is expressed by the following equation: 


Rye © Ru + 1.16 «107 ft 
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Figure 5. Relationship Between Temperature and Specific Resistance 


(2) Relationship Between Surface Load Density and Temperature 


Results of the test using the same test sample as used in (1) above, are shown 
in Figure 6. 
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Figure 6. Relationship Between Surface Temperature and Surface Load Density 
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As generally known the load changes in a linear fashion against the surface 
temperature in the high temperature range where surface load density becomes 
large. The figure demonstrates that this is true with this heater as vell. 


(3) Temperature Growth Property 


The test sampie was 159 mm x 8.2 mm x 2.4 mm. The results of testing the 
temperature growth property by a voltage of 9.5 V are shown in Figure 7. 
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Figure 7. Temperature Growth Characteristics 


Since this heater is made of material with a relatively low specific gravity 
of 4.23, its heat capacity is small enabling the heater to attain a certain 
temperature within several tens of seconds. 


4.2.4 Oxidation resistance 


The heater samples were made in the dimension of 3 mm x 0.5 mm x 31 mm (with 
the heater portion of 25 mm) and oxidation resistance tests were performed on 
the samples without treatment. With the test condition set at 6 seconds 
transmission of 5 V, 6 A electricity, and 3 second intermissions repeated for 
130 hours, the weight increase due to the surface oxidation was measured. The 
result was that the untreated samples, though gradually turned white on the 
surface, showed a weight increase due to the oxidation f only 1 mg. The color 
change was caused by the gradual oxidation of TiC on the surface of the 
samples. The progress of the oxidation slowed down as the oxidation film 
became thick, ultimately leaving the samples capable of long-hour use even at 
the maximum test temperature of 800°C. 


On the other hand, the alumina coated samples, owing to the strong bond 
between the surface alumina layer and the base material, did not change in 
appearance with zero increase in weight even after the test under an 
accelerated condition to cause heat expansion and contraction. In other 
words, the alumina coated heaters where TiC oxidation is restricted can be 
used in a severer environment than the untreated heaters. 
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5. Application Examples of Subject Heater 


The subject heater, even when various s of carbides are combined, has «4 
three-point bending strength of 65 kgf at least and a hardness of HR, 93 
or more. Thus it is possible to raise the surface load density to 

10 w/en? or more. These result in the following advantages: 


(1) Hard and erosion resistant enough to be used as a tool by itself. 


(2) Quickly responds to heat and thus exhibits an energy saving effect when 
heat is given intermittently. 


(3) Can be heated at a low voltage, reducing the dangers of electricity 
leakage or shock. 


Because of these advantages, this heater material can be used for specialized 
purposes. There are many products for which the application of this material 
is under development. Among such products we introduce to the readers Nitten 
Super (trade name) produced in several forms and presently one example of 
application where the material's functionability is effectively exhibited. 


Many of the autoamtic weaving machines in the textile industry are non-drawer 
weavers, i.e., the weaving machines which shoot the wefts by an air-jet nozzle 
or a water-jet nozzle. Conventionally, the wefts on the non-drawer weavers 
were cut by scissor-type cutters, slitters, or metal heat cutters but these 
had problems in that their life and power consumption needed to be improved. 
Specifically, the scissor-type cutter was equipped with a complicated power 
transmission mechanism and its sharpness declined when the parts become shaky; 
the metal slitter declined in sharpness due to corrosion and erosion; and the 
metal heat cutter, when used as the water jet room cutter, suffered from a 
shortened life due to corrosion and erosion while consuming about 200 w per 
units of power. 


The heat cutter made by Nittan Super works with a power of about 25 w, 
achieving substantial energy saving and lengthening of life due to its 
corrosion/erosion resistant characteristics. 


6. Conclusion 


The production method and characteristics of the high strength ceramic heater 
material covered by this article may still have a number of points to be 
improved. We would be happy to receive comments from the people in this 
field. We expect that the effective use of this heater material would 
contribute to the progress of respective industries in terms of an energy 
saving, simpler mechanism and prolonged life of the heaters. Thanks to the 
user's kind cooperation, we could introduce in this report Nittan Super with 
an example of its application. 


It seems that a number of different compound materials other than the heater 
material presented here seem to be developed. We look forward to seeing a 
further advancement in this field. 
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Finally we would like to express our <ieep appreciation to Mr Okesaku of 
Hokuriku Seikei Kogyo who provided us with information to help develop the 
heat cutter. 


FOOTNOTES 


1. Super Hard Tool Association, “Super Hard Tool Handbook," September 1976, 
p 3. 


2. F.P. Knudsen, J. AM. CERAM. SOC., Vol 42, 1959, p 376. 
3. W. Duckworth, Ibid., Vol 36, 1953, p 68. 
4. Patent application 1975-133928. 


5. “Industrial Furnace Guidebook," edited by Japan Industrial Furnace 
Association, 1969, p 212. 


6. Siliconitto Konetsu Kogyo [High Temperature Industry] Co., Ltd., 
Catalog “Siliconitto.”* 


7. Nippon Kagaku Togyo [Japan Chemical Ceramics] Co., Ltd., Catalog 
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AEROSPACE, CIVIL AVIATION 


JAPAN, U.S. TO COOPERATE IN SPACE PLANE RESEARCH 
Tokyo AEROSPACE JAPAN-WEEKLY in English 20 Jul 87 pp 8-9 


[Text] 


The Ministry of International Trade and Industry (MITI) 
has announced that Japan and the U.S. agreed to cooperate in 
research on a so-called space plane. Under the agreement, 
the two countries will exchange information about their 
respective space plane research. 


Japan will start its own space plane research this 
August. Beginning next year, MITI and the National Aero- 
Space Plane (NASP), which was formed jointly by the 
Pentagon's Defense Advanced Research Project Agency (DARPA) 
and the National Aeronautics and Space Administration (NASA) 
will exchange information on technology and demand prospects 
to work out a specific development plan. 


The prospective space plane will be hypersonic 
transport aircraft that takes off and lands horizontaily. 
Powered by rocket engines in addition to conventional jet 
engines, it is expected to fly in outer space at a 


hypersonic speed. 


Japanese space specialists also plan to develop a 
manned mini-shuttle spacecraft to be launched into orbit by 
the H-II large-capacity rocket which will be available by 
1992. 


In such circumstances, NASP officials proposed last 
month that the U.S. and Japan cooperate in the space plane 
research. In its prospects for commercialization of the 
space plane, the U.S. places emphasis on service in the 
Pacific region or the Japanese market in particular, Japan 
also believes that the space plane development should be 
carried forward under an international joint program. 
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With regard tc the space plane, the Society of Japanese 
Aerospace Companies (SJAC! has set up a study group on the 
next-generation aerospace plane for technical research. 


MITI will also form its own study group, inviting 
members from the government agencies, businesses and 
academics. It will study: (1!) prospects for demand of 
passengers and freight; (2) environment problems such as 
shock waves and influence on the ozonosphere; (3) 
industrialization including production costs. 


Japan's information on the space plane cesearch will be 
exchanged with the U.S. through the MITI's study group as 
the central figure. MITI also expects to cooperate with the 
U.S. in development of a prototype of the space plane in the 
Suture. 


{9274 
CSO: 4307/030 
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AEROSPACE, CIVIL AVIATION 


NEW MATERIALS FOR SPACE PLANE SLATED FOR DEVELOPMENT 
Tokyo KYODO in English 0158 GMT 11 Jul 87 


[Text] Tokyo, July 11 KYODO--The Science and Technology Agency decided 
Saturday to embark on full development of new compound materials for Japan's 
Spaceplane Project. 


The Spaceplane Project calls for the development of a Japanese version of the 
U.S. Space Shuttle for launch in the early 2lst century. 


As a first step, the Agency said it has decided to make a budgetary request 
for construction of experimental facilities for the development of such 
materials. 


High-performance engines employing advanced technology and new compound 
materials are needed to build the spaceplane. Research on the new engine is 
already underway. 


The Agency said that ceramic-solidified titanium fiber would be used to make 
the surface of the new material heat-resistant. 


A compound of carbon fiber and superadiabatic resin called polyimide is seen 
likely to be the hardened interior component of the materials, it said. 


The Agency plans to complete a nondestructive inspection device that can 
diagnose the properties of the new compound materials by ultrasonic waves and 
X-rays, and two other facilities by 1990 at a cost of some Y3 billion. 


The spaceplane, which is designed to function as a rocket and spaceship could 
be turned into an ultrasonic plane that could cross the Pacific in only 2 to 3 
hours. 


Development of this type of vehicle is being pushed in other countries like 
Britain and West Germany, in addition to the United States. 


/9365 
CSO: 4307/027 
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AEROSPACE, CIVIL AVIATION 


JAPAN-CHINA STUDY OF ATMOSPHERIC CONDITIONS SLATED 
0W190707 Tokyo KYODO in English 0703 GMT 19 Jul 87 


[Text] Kagoshima, July 19 KYODO--A joint Japan-China study of atmospheric 
conditions between the Chinese mainland and the Japanese archipelago will get 
underway between July 23 and August 3 using balloons equipped with observation 


equipment. 


Officials at the Education Ministry's Institute of Space and Astronautical 
Science in Uchinoura, Kagoshima, are scheduled to launch four balloons 
equipped with atmospheric and astronomical observation equipment beginning 
next Thursday. 


The project, conducted in cooperation with China's Academy of Sciences, marks 
the beginning of full-scale experimentation in a 3-year plan which began last 
summer . 


The balloons, measuring from 33 to 50 meters in diameter and loaded with 
equipment ranging from 160 to 550 kilograms in weight, will fly at an altitude 
of 29 to 35 kilometers above the earth. 


Chinese scientists are scheduled to pick up the equipment which will 
disconnect form the balloons and descend to ground by parachute after reaching 
the east coast of China. 


Experiments include testing for carbon monoxide levels in the stratosphere as 
well as locating X-ray and infrared emissions. 


/9365 
CSO: 4307/027 
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AEROSPACE, CIVIL AVIATION 


RECENT DEVELOPMENTS IN AEROSPACE REPORTED 
National Aerospace Laboratory Experiment 
Tokyo KOGIKEN NYUSU in Japanese Nov 86 pp 1-2 


[Article by Ryoji Yanagi, Prime Mover Division: "Experiment on Steam and Air 
Cooling of Turbine Blades" |] 


[Text] The Prime Mover Division, Turbine and Heat Transfer Research Room of 
the National Aerospace Laboratory (NAL), has conducted research on technology 
for cooling high-temperature, high-load turbines as a part of the "Research 
and Development of Highly Efficient Gas Turbine" promoted by the Agency of 
Industrial Science and Technology, MITI (Ministry of International Trade and 
Industry). The heat transmissivity of the turbine blades surface is high, the 
outlet temperature of compressors used to cool such high-temperature, high- 
load turbines is also high. It is very difficult to effectively cool turbine 
blades, because these turbines not only have high pressure ratio but also a 
high temperature at the turbine intake. Accordingly, it is being considered 
that the temperature of cooling air be lowered by spraying water in the 
cooling air or in the same way as the highly efficient gas turbines. Turbine 
blades are cooled by using steam in the composite cycle whereby steam turbines 
are connected at the last stage. Basic data on heat transmissivity and film 
cooling efficiency of gas made by mixing air and steam will be reported at 
this time. 


Figure 1 shows the outline drawing of an experimental unit. A heat 
transmission wind tunnel at the No 3 prime-mover building was used to conduct 
the experiments. Although the wetness of steam is an important factor in 
experiments conducted by using steam, these experiments were conducted in a 
dry condition where steam was heated. Figure 2 shows the outline drawing of a 
testing section. The main flow of high temperature gas was supplied for the 
passage having a rectangular cross section with a width of 14 cm and a height 
of 2 cm. Mixed gas was supplied to the passage directly crossing a 
rectangular section with a width of 3 cm and a height of 0.5 cm in an 
experiment conducted to find the heat transmission characteristics of mixed 
gas. A thermocouple was placed into each bulkhead between both passages, and 
the heat flow passing rate was figured through temperature differences. In a 
film cooling experiment, the film cooling flow was fed from a mixed gas blow- 
off section shown in Figure 2, and water was supplied to a cooling passage of 
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a measured section. The film cooling efficiency was measured on the basis of 
the change caused by the presence or not of the film cooling flow of heat flow 
passing through the bulkhead. Results of the experiments are shown below. 
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Figure 3. Heat Transmissivity of Figure 4. Film Cooling Efficiency of 
Cooling Gas Air, Steam,and Mixed Gas 


Figure 3 shows the result of measuring heat transmissivity. The horizontal 
axis shows the flow rate of cooling gas, and the longitudinal axis of 
ordinates shows the heat transmissivity obtained. The mixing rate of steam 
and air is shown as a parameter. When the rate of steam contained in the 
cooling gas increases, the heat transmissivity also increases. This is 
because the viscosity coefficient of steam is smaller than that of air, a high 
Reynolds number could be obtained if the weight flow rate of air and steam are 
the same and due to the Prandtl number of steam being greater when compared 
with air. As a result of adjusting these factors by using dimensionless 
values, it was confirmed that data indicated linear characteristics, and if 
the value of physical properties of mixed gas is evaluated appropriately, the 
heat transmissivity characteristics could be confirmed and expressed in one 
experimental formula. 


Figure 4 shows the result of a film cooling experiment. The horizontal axis 
shows a film cooling effect ([main gas flow temperature-heat insulating wall 
temperature]/[main gas flow temperature-cooling gas temperature]). The 
longitudinal axis shows a massive flow velocity ratio ([flow rate of blow-off 
flow x density]/[flow rate of main flow x density]) of the cooling gas blow- 
off flow and main flow high temperature gas. When the flow rate of steam is 
high during the massive flow, velocity ratio is small and film cooling 
efficiency is attained, but reverses when the rate is high during the greater 
ratio and efficiency becomes low. The specific heat of steam is greaver than 
air, and the density of steam is less than that of air. Therefore, comparing 
steam and air at the same weight flow rate, i.e, [flow rate x density], when 
massive flow velocity ratio is small, the amount of steam will be greater than 
air, and steam will flow extending over wall surfaces, but where the ratio is 
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large, the momentum of the blow-off flow will be relatively greater. It is 
believed that this is caused by the fact that the blow-off flow goes through 
the boundary layer of the main flow. 


As a result, the heat transmission characteristics of the steam and air mixed 
gas have been clarified. In addition, it has been clarified that the cooling 
by such mixed gas will properly establish the massive flow velocity ratio. 


Motion and Space Sickness 
Tokyo KOGIKEN NYUSU in Japanese Nov 86 pp 2-4 


[Article by Naoki Isu, Instrumentation Division: “Research on Neurophysiology 
Concerning Motion and Space Sicknesses"] 


[Text] Research on measures for restraining and preventing motion and space 
sicknesses has been conducted as one of the most important items along with 
the development of aircraft and the beginning of manned space flight from the 
standpoint of assuring safety of life and the necessity of mission 
implementations. Motion sickness is a reaction of the autonomic nervous 
systems, caused by factors inputted through a vestibular organ (equilibrium 
sensorium). However, it is not a reflex caused by a simple stimulus of a 
vestibular organ, but it includes an integration mechanism that is greatly 
affected by such factors as intention, emotion, characters, mutual reaction of 
visual sensation, and somethesis. For this reason, in order to clarify the 
mechanism of motion sickness, it is important to conduct research on the 
vestibular kinetic system which controls reflexes, etc., the vestibular 
sensory system which takes charge of higher functions as well as _ the 
vestibular autonomic nervous systems. 


When a body turns to the directional right, the eyeballs will reflectively 
move to the left direction. This compensatory eyeball movement is called, 
vestibular oculogyric reflex. Also, when the head simultaneously turns to the 
left direction, a reflex occurs. This reflex is called, vestibular neck 
reflex. These reflexes cause not only similar compensatory eyeball movements 
in the case of vertical but also on horizontal turns. It is well known that 
there is a strong correlation between the eyeball position and the cervical 
muscles, and a possibility of neurons existing which jointly control both 
reflexes. Isu and Yokota, in 1983, and Uchino and Hirai, in 1984, clarified 
the existence of neurones in the horizontal semicircular duct system reacting 
to horizontal turns and in the anterior semicircular duct system reacting to 
downward turns, respectively. With regard to the posterior semicircular duct 
system reacting to upward turns, the innervating mode of the motor cells of 
external ocular muscles (which move eyeballs) and cervical muscles has been 
examined, where the existence ~' four kinds of neurones was clarified for 


reporting. 


An experiment was conducted by using 65 cats under anesthesia. As shown in 
the figure, an electrode was inserted into the posterior semicircular duct 
ampulla with a view to stimulate nerve terminal (posterior ampullar nerves) 
from the posterior semicircular duct. Also, a stimulative electrode was 
inserted into the motor nerve pool of inferior straight muscles which turn the 
eyeballs downward into that of parietal muscles which move the head downward. 
Neurone activities were recorded from nuclei vestibulares. Nuclear 
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eyeballs downward into that of parietal muscles which move the head downward. 
Neurone activities were recorded from nuclei vestibulares. Nuclei 
vestibulares consists of superior vestibular nucleus, nucleus medialis 
thalami, and inferior vestibular nucleus, and having nerve cells (vestibular 
secondary neurones) which directly receive input from vestibular nerves. 
There are neurones which react on stimulus of posterior ampullar nerves in 
short latency (0.6 to 1.2 ms). These were identified as vestibular secondary 
neurones of the posterior semicircular duct system, and the reaction of the 
neurones on stimulus of both motor nerve pools was investigated. When these 
neurones emit [electrical] action potentials under a very small amount of the 
stimulus of such motor nerve pools, it can be appreciated that the axon 
(transmission passage for nerve signals) of the neurones has extended to the 
stimulative region, and when they do not emit any [electrical] action 
potential even under a strong stimulus of such motor nerve pools, it can be 
appreciated that the axon of the neurones has not extended to the vicinity of 
the stimulative region. In addition, the membrane potential was recorded in 
motor cells by using the [electrical] action potential of vestibular secondary 
neurones as a trigger. It was confirmed that the former directly gave the 
analeptic input to the latter. As a result, it indicated that there were the 
following four kinds of vestibular secondary neurones of the posterior 
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semicircular duct system: 1) that which exists mainly in the nucleus medialis 
thalami controls the motor nerve of external ocular muscles, but does not 
control any motor nerve of the cervical muscles; 2) another that exists 
mainly in the inferior vestibular nucleus and controls the motor nerve of 
external ocular muscles and that of contralateral (dividing the body into 
right and left and on the opposite sides) cervical muscles; 3) that which 
exists mainly in the inferior vestibular nucleus, controls the motor nerve of 
contralateral cervical muscles, but does not control any motor nerve of the 
external ocular suscles; 4) that which exists mainly in the lateral 
vestibular nucleus, controls the motor nerve of homolateral (dividing the body 
into right and left and on the same side) cervical muscles, but does not 
control motor nerve of external ocular muscles. It appears that a part of 
this vestibular secondary neurones controlled the motor nerve of contralateral 
cervical muscles. It is believed that the existence of these four kinds of 
vestibular secondary neurones is rational and brings about advantageous 
functions on the individual, coordinating movements of the eyeballs and the 
neck. 


This research was conducted jointly by the Kyorin University Medical 
Department, Assistant professor Yoshino Uchino, and others. presently, the 
conduct of research on controlling mode of the motor nerve of cervical muscles 
of vestibular secondary neurones of the anterior semicircular system and on 
effectiveness of a vestibular organ stimulus given to the autonomic nervous 
system is progressing. 


Numerical Simulation System 
Tokyo KOGIKEN NYUSU in Japanese Nov 86 pp 4-5 
[Article by NAL's Calculation Center] 


[Text] The NAL is scheduled to carry out the system construction work to 
introduce and begin operating a numerical simulator system (hereafter referred 
to as NS system) in February 1987. The numerical simulation will increasingly 
become important in R&D of aviation and space technologies in the figure, in 
carrying out such numerical simulation of a super-high speed. It is expected 
that the use of the NS system will not only bring about sharp increase in the 
NAL's R&D capability, but also greatly contribute to joint research, such as 
in the aviation space industrial circles, and in the lease of research 
facilities, etc. 


As shown in the figure, the NS system consists of a numerical simulator, as 
the nucleus and the linkage of high-speed network system with groups of 
various terminal units, and subsystems, used in various research fields. The 
outline of the NS system is shown below. 


(1) Numerical simulator 


The numerical simulator consists of a super-computer, "FACOM VP-400," a 

FACOM M-780 required for pre-/post processing of numerical simulation, and 
groups of magnetic disk units. The FACOM VP-400 carries out the numerical 
simulation at a super-high speed, and at the same time the magnetic disk unit, 
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Figure. Outline Drawing of System Configuration 
of Numerical Simulator 


a large-scale data base realizing medium, functions as a high-speed auxiliary 
storage. Also, the semiconductor disk unit is installed in the numerical 
simulator with a view to improve the responsiveness of the data base operation 
and conversational type processing. 


(2) Graphic and image processing unit 


High level computer graphic technologies are utilized in numerical 
simulations. For this reason, the following devices are required as graphic 
and image processing units. 


--8 three-dimensional graphic display units 

--3 image display units 

--1 image input unit 

--48 simple type graphic display units (TSS [time-sharing system] serving as 
terminal units] 
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Each three-dimensional graphic display unit and the image display unit are to 
be equipped with a 16-mm camera to allow preparation of animations. 


(3) R&D and development subsystems and remote input-output (1/0) stations 


Subsystems and remote I/0 stations used in R&D fields requiring special local 
treatments during numerical simulation are listed below. 


--Structural R&D subsystem 

ACOS 610 system 

--Aircraft performance R&D subsystem 

MV 20000 system 

--Space and artificial intelligence R&D subsystem 
VAX 8200 system 

--Prime mover R&D remote 1/0 station 


This station consists of three-dimensional graphic display unit, simple type 
graphic display unit, conversation-type terminal unit, and printer unit. 


--Aircraft aerodynamic design R&D remote 1/0 station 


This station consists of three-dimensional graphic display unit, simple type 
graphic display unit, conversation type terminal unit, and image display unit. 


--Spacecraft R&D remote 1/0 station 


This station consists of three-dimensional graphic display unit, simple type 
graphic display unit, and printer unit. 


(4) High-speed network 


An enormous amount of 1/0 data is handled in numerical simulations. For this 
reason, it is necessary to transmit data among the numerical simulator, 
graphic and image processing units, and respective R&D subsystems at a high 
speed. In order to realize this the Ethernet type network (Note: Ethernet is 
a network brand name of U.S. XEROX Corp.) employing optical cables was 
adopted. Optical cables are installed from the numerical simulator to four 
areas of the laboratory buildings as bases which are connected with the 
respective R&D subsystem and the various terminal unit groups through adapter, 
transceiver, etc. This network conforms to the international standards as 
stipulated by IEEE (Institute of Electrical and Electronics Engineers) 802.3 
and transmission speed in transmitting passage is 10 Mbps, with the access 
system of the CSMA/CD. 
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(5S) Energy-saving operation 


It is necessary to save energy for the numerical simulator particularly at 
night, because the operation is to be in two or ‘three shifts. Therefore, an 
automatic program is being developed with a view to completing the complex 
procedures at the time of starting operation and at the time of terminating 
processing of the system on the basis of a one-touch operation or by commands 
through the timer-set system, button, etc. When trouble occurs in the 
hardware or software of the system, or when a disorder caused by auxiliary 
facilities, such as a power source, air-conditioners, etc. an alarm will be 
sounded, and the system will be stopped automatically, depending on the 
situations. All such situations are indicated on the operating monitoring 
panel so that situctions can be grasped. 


The above is an outline explaining the NS system. As mentioned at the start, 
after adopting this system, NAL will attempt various improvements of the NS 
system, because the NS system is an indispensable research facility necessary 
not only for the entire research fields of Japanese aviation and space 
technologies but also to this Laboratory. 


SCRAM JET Combustion Experiments 
Tokyo KOGIKEN NYUSU in Japanese Nov 86 pp 7-8 
[Article by Solid Rocket Research Office, Kakuta Branch of NAL] 


[Text] The use of air-breathing engines for propelling aircraft shuttle in 
low orbits has long been in the limelight, because of such advantageous points 
as launching capability, economy, operational capability, etc. These air- 
breathing engines can also be used in HSTs (hypersonic transport). At the 
beginning of this year, both the United States and Great Britain successively 
announced that they would set about in the developmental work with a view to 
realizing the aircraft shuttles and HSTs equipped with air-breathing engines 
within this century. 


With regard to the air-breathing engine for aircraft shuttle, the Laboratory's 
Kakuta Branch has been conducting research on an air-breathing rocket made by 
combining a rocket and a ramjet engine since FY 1977, and has conducted 
research on SCRAM JET (supersonic combustion ramjet) optimum for hypersonic 
flight since FY 1984 (NAL NEWS, Nos 217 and 236). The SCRAM JET has not yet 
been put into practical use, and in order to realize the practical use of the 
SCRAM JET, it is very important to obtain stable and efficient combustion in 
the supersonic flows. 


An air-heating unit (on the left in Figure 1) was used in the experiments for 
the purpose of simulating air flows into an engine of a hypersonic flight 
condition. This air-heating unit is used to generate high temperature 
simulating air within a rate equal to that of air, by burning air and hydrogen 
and supplying oxygen. The simulated flight range was limited in its 
capability of supplying various kinds of gases, but the altitude was 20-40 ka 
and the Mach was 4 to 6.7. 
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Figure 2. Wall Pressure Distribution 


Tests were performed by directly connecting the air-heating unit with a 
testing combustor (on the right in Figure 1). Im addition, this testing 
combustor was connected with two cylinders with a different diameter. A Mach 
of 2.5 was selected for the combustor inlet in a condition after the speed was 
lowered by passage through the air intake of engines during actual flight. 
Gaseous hydrogen as a fuel was sprayed perpendicularly from the wall surface 
up or down in backward step between cylinders, or was sprayed in parallel from 
the backward step on an axis. The gaseous hydrogen spontaneously ignited at a 
simulated air static temperature of more than 710 to 810 K (equivalent to 
flight Mach 5.6 to 6). 


Figure 2 shows a wall pressure distribution. When the injection flow rate is 
low, the wall pressure distribution will move toward downstream direction, 
characterizing supersonic combustion. When the injection flow rate is high, 
the wall pressure will sharply increase in the vicinity of the backward step 
and subsequently, slowly decrease, indicating the combustion speed had changed 
from supersonic speed to subsonic. Figure 3 shows the change of the fuel 
component rate distribution at the surface of two outlets with different 
length, according to the injection systen. In the case of the parallel 
injection, an interesting tendency was noted. The mixture just after parallel 
injection is unsatisfactory, but when at a position away to some extent from 
the injection point, the mixture accelerates. The change of the fuel 
component rate distribution according to the injection system, surpasses that 
of other systems. It was also confirmed that mixing at a supersonic speed was 
extremely slower than that at a subsonic speed. 
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Figure 3. Distribution of Fuel Components in Cross Section 





A variety of knowledge was obtained from tests on conventional cylindrical 
combustors, but it is difficult to incorporate the above-mentioned combustor 
in the aircraft frame, because the fuel does not sufficiently reach the center 
of combustion. In the future, tests are scheduled to be conducted on a 
combustor with a rectangular cross section to improve this point, and an 
outlet nozzle with a rectangular cross section has already been completed for 
the air-heating unit corresponding to this combustor. In addition, in order 
to perform tests in an extensive range of flight conditions, it is planned to 
improve pressure resistance and supply capability of the air-heating units. 


20143/9365 
CSO: 4306/2472 
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FIERCE COMPETITION TO DEVELOP FOUR WHEEL STEERING 
Tokyo TOSHI KEIZAI in Japanese Jun 87 pp 102-104 


[Text] Every year, automobile manufacturers compete fiercely to come up with 
new features for their new models. This year, it appears that the focus will 
be on 4WS (four-wheel steering) systems wherein all four wheels, front and 
rear, are steerable. 


This has been the focus of attention since Nissan Motor Corporation adopted a 
4WS system called “HICAS” for its Skyline model 2 years ago. It has been 
followed by Honda Motor Company's announcement this April that a 4WS system 
will be installed in the new Prelude. There was a similar announcement in 
May by Matsuda Motor Corporation, and this was followed by Mitsubishi Motor 
Corporation. 


The 4WS Steering System 


Thus far, steerability of the two front wheels has been the norm for automo- 
biles. Of course, the 4WS system theory and technology have existed for a 
long time and have been in use in specific sectors. In most cases, however, 
the system was used for vehicles with limited uses and for the purpose of 
increasing close turning capability. 


Therefore, although research has been advanced for some time, it had never 
been applied by the passenger vehicle manufacturers, who were concerned about 
high speed capacity. For today's passenger vehicles, however, speed, 
maneuverability and stability are equally important, so the introduction of 
the technology to accomplish this has becowe imperative. 


One way is to impiove mechanical suspension technology. The other way is to 
adopt a 4WS system which will increase maneuverability and etability by 
actively controlling the steering of the rear wheels as well. This is based 
on the idea of increasing close turn capability while at the same time 
increasing s~eed capacity. 


Simply put, the 4WS system moves the rear wheels in accordance with the 
position and speed of the front wheels. For example, when the steering wheel 
is turned to the right to make a right turn, the front wheels of course will 
be turned to the right. At high speeds, the rear wheels will turn to the 


36 





right at a fixed angle (corresponding mode), but at slow speeds, they will 
turn the opposite way, to the left (opposite mode). 


Through this rear wheel displacement method, close turns are made smoothly 
while stability and speed are maintained at high speeds. Presently, Nissan, 
Honda, Matsuda and Mitsubishi have announced the introduction of 4WS, but 
each manufacturer's system is quite distinct. 


Let us look at each manufacturer's 4WS system and its aims. 
The “Displacement Angle Control" Method 


HICAS is a 4WS system developed 2 years ago by Nissan. It has been installed 
in the new Skyline model. The system evolved from research on ways to 
realize the conflicting capabilities of sharp handling and stability without 
loss to either. 


The basic theory is based on the "stable maneuvering capacity" idea of first 
increasing stability and next increasing stable maneuverability. The idea is 
that when rear suspension gripping power increases, there is a comparable 
increase in the rigidity of the steering apparatus, which causes an increase 
in the gripping power of the front wheels. This concept is the source of the 
“rear wheel displacement angle control" method, wherein the displacement 
angle does not change at all during low and medium speed stages, but changes 
gradually as speed is increased. 


In somewhat technical terms, the idea is to use low understeering at low and 
medium speeds and increase it at high speed. The maximum rear wheel dis- 
placement angle, which is proportional to speed, is 0.5 degrees. It func- 
tions from 35 km/h. The system consists of a hydraulic control, power 
cylinder and hydraulic pump, which changes the position of the rear wheels 
in accordance with the position of the front wheels. 


In the HICAS system, rear wheel displacement corresponds to the front wheels 
when cornering at high speed. This moves the center of the arc traced by 

the front wheels somewhat to the rear, creating the same effect as elongating 
the wheel base. That is, because the 4WS system can strengthen the under- 
steering tendency at high speeds, stability is further increased. 


Position Response System 


An automobile begins to turn when the steering wheel turns and the fron: 
wheels change direction. Simultaneously, the ability to turn sideways is 
created, the central axis rotates and the automobile begins to change 
direction. Next, the rear wheels that are affixed to the body change 
direction along with the body. At that time, the rear wheels also can turn 
sideways and the automobile begins to turn. 


In this series of turning motions, there is always a time lag in which the 
revolving motion of the turn lags behind the rotating movement of the change 
in direction. Since the rear wheels are fixed, there is a time lag before 
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Figure 3 shows rear wheel steering direction and amount of position change. 

As shown, the amount of position change of the rear wheels increases as the 
speed decreases from 35 km/h. It is biggest below 15 km/h. When the steering 
wheel is turned as far as possible, the rear wheel position is 5 degrees 
(maximum). When the vehicle speed is around 35 km/h, the rear wheels hardly 
shift at all, and they change to the corresponding mode as the speed increases, 
again to a maximum of 5 degrees. 


The basic idea is, when turning, to position the rear wheels so that the 
direction of the vehicle always remains tangential to the turning path of the 
vehicle. This presumably minimizes wasted movement as well as changes in 
maneuverability that result from changes in speed. 


All-Hydraulic 4WS 


Unlike the other manufacturers, Mitsubishi's 4WS mechanism is part of a 
comprehensive system that combines it with 4WD (four-wheel drive) and 41S 
(four-wheel independent suspension). It appears that all the companies 
intend to mount the 4WS onto the 4WD, and Mitsubishi's system is worth 
noting in that it is the first to do so. 





Figure 4. Mitsubishi's Speed Response Type New 4WD: Developed as part of 
comprehensive 4WD, 4WS, 4IS system 


Key: 
1. Upper Arm 5. Intermediary joint 
2. Lower arm 6. Rubber bushing 
3. Trailing arm 7. Cross member 
4. Toe control arm 


Mitsubishi's 4WS system applies the corresponding mode, which is effective at 
high speeds. It does not use the opposite mode. Furthermore, control of 
rear wheel positioning operates only at speeds above 50 km/h. The maximum 
angle of rear wheel corresponding mode positioning is 1.5 degrees. The out- 
standing feature of the design is that everything is controlled by hydraulic 
pressure. When the steering wheel is turned to the left, hydraulic pressure 
increases in the left chamber of the power steering cylinder. This increase 
in pressure continues through the left chamber of the control valve, et al., 
and then pushes the suspension joint region, as shown in Figure 4 above, to 
the left. As a result, the tire attached to the trailing arm is steered to 
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linked by a center shaft. The rear wheels are displaced in the same direction 
when the steering angle is neutral to 140 degrees, and in the opposite direc- 
tion for bigger angles. A stroke rod in the rear gear box shifts in the 
direction of the axis in response to the rotation angle of the front wheels. 


A special feature of this position response model is that the system is 
mechanical and therefore simple. As for improvement in close turning, it is 
said that in actual driving, the turning radius is 4.8 meters when the system 


is in opposite steering mode, compared to 5.3 meters for the same Prelude 
with a fixed system. 


Speed Response Type 4WS 


Matsuda's speed response type 4WS not only links the movement of the rear 
wheels to the front wheels (linked steering) but also controls the rear wheel 
steering direction and angle in response to the traveling speed of the automo- 
bile. 


The basic system is similar to Honda's in that both corresponding and oppo- 
site modes are possible. The big difference is that this system focuses on 
vehicle speed. It is a bimodal response type in which the position and 
direction of the rear wheels are steered in the opposite mode when the 
vehicle is going under 35 km/h and in the same mode when it is going over 
35 km/h. 


Another feature of this system is that a computer has been introduced. The 
steering position of the rear wheels (ratio of the rear wheel position and 
the front wheel position) is controlled electronically to correspond to 
traveling speed. The idea is to suppress to the minimum, through electronic 
control, changes in movement capacity of the automobile caused by changes in 
traveling speed. 
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Figure 3. Matsuda's Speed Response 4WS: Change between corresponding and 
opposite modes at 35 km/h 


Key: 
1. Change in rear wheel position (assuming front wheel change as 1.0) 
2. Vehicle speed (km/h) 
3. Front/rear wheel steering ratio 
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they can turn sideways. Honda's 4WS research focused on eliminating the time 
lag between rotating and revolving motions. It was based on the idea of 
giving the rear wheels the same steerability as the front wheels so that both 
can turn sideways at the same time. If realized, this eliminates the lag in 
the vehicle's response to steering, thus increasing handling capacity. 
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Figure 2. Honda's Position Response System: Rear wheels move in two direc- 
tions in response to steering position 


Key: 
l. Tire turning angle 5. Rear wheels 
2. Degrees 6. Same direction steering 
3. Steering wheel angle 7. Opposite direction steering 
4. Front wheels 


Honda's independent 4WS system, the "position response" method, stems from 
this idea. As shown in Figure 2 above, the special feature of this system is 
that the front and rear wheels can be steered in both the same and opposite 
directions. It is based on the view that if the wheels can be steered only 
in the same direction, maneuverability at high speeds will be better, but 
minimum turning radius will increase and low-speed capacity will drop con- 
siderably. Thus, under the “position response system," the displacement 
angle of the rear wheels changes continuously in response to steering posi- 
tion. Consequently, at low and medium speeds, when the steering angle tends 
to be large, the rear wheels are steered in the opposite direction; and at 
high speeds, when the steering angle is small, the rear wheel displacement 
is in the same direction. 


Maximum angles are 1.5 degrees for displacement in the same direction and 5.3 
degrees in the opposite direction. This system is mounted on the new Prelude 
model which was unveiled in April. The actual steering system consists of a 
front steering gear box and a rear steering gear box, which are mechanically 
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the left. The integration of the rear wheel steering mechanism (hydraulic) 
into the trailing arm joint region is a unique feature. The system operates 
in response to speed of the vehicle. Its utility is drawn from its geo- 
metric ratio with the new suspension. This new 4WS is to be mounted on a 
4WD passenger vehicle which is scheduled to be announced. 


12967/6091 
CSO: 4306/6067 
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DEFENSE INDUSTRIES 


NAKASONE VAGUE ON HELICOPTER CARRIERS 
Tokyo AEROSPACE JAPAN-WEEKLY in English 1 Jun 87 p 4 


[Text] 

Prime Minister Yasuhiro Nakasone implied possibility of 
introducing aircraft carriers for ASW helicopters in the 
future at a budget committee of the House of Councilors on 
May 19. 


At the budget committee, a Socialist Party Dietman 
asked Nakasone if the government would study introduction of 
aircraft carriers for ASW helicopters after completion of 
the current FY 1986-90 Medium-Term Defense Buildup Program 
(MDBP). 


Nakasone replied as saying that his government would 
not (introduce such aircraft carriers) but whether future 
governments would do or not will be managed within the 
framework allowed by Japan's constitution in consideration 
of public opinions, financial conditions, and domestic and 
international affairs then. He remained vague on this 
issue. 


As the Japanese Government decided to scrap its 1%-of- 
GNP ceiling on defense outlays, defense buildup efforts are 
anticipated to be given spurs particularly in the field of 
sealane defense after the current MDBP, The Socialist took 
up the aircraft carrier issue from this point of view. 


Nakasone said, “Aircraft carriers for ASW helicopters 
are not listed in the annexed table of the National Defense 
Program Outline (NDPO) and there are no plans to introduce 
such aircraft carriers at present either. 


“Under the constitution, Japan is not allowed to 
possess such offensive weapons as long-range bombers, attack 
aircraft carriers and ballistic missiles. But other weapons 
should be evaluated in consideration of progress of military 
technology, financial situations and so on in the future, 
he said. 


Nakasone did not clearly deny possibility of future 
introduction of aircraft carriers for ASW helicopters as 
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DEFENSE INDUSTRIES 


JDA STUDIES TWO OCEAN AIR DEFLNSE WEAPON SYSTEMS 
Tokyo AEROSPACE JAPAN-WEEKLY in English 1 Jun 87 pp 2-3 


[Text] 

A study group on ocean air defense systems of the 
Defense Agency (JDA) has started full-scale comparison 
| aaa on the proposed two weapon systems for ocean air 


According to JDA sources, the two proposals agree in 
incorporating the OTH (over-the-horizon) radar and the AEGIS 
ship in the planned ocean air defense system. But they 
differ in airborne early warning and interception aspects. 


A plan proposed by the Air Self-Defense Force (ASDF) 
calls for operating the Boeing E-3A AWACS (airborne warning 
and control system) aircraft in combination with the F-15 
fighter interceptors and tanker aircraft. 


Another plan proposed by the Maritime Self-Defense 
Force (MSDF) requires an AEW (airborne early warning) 
version of the P-3C ASW aircraft armed with the Phoenix air- 
to-air missiles. 


The study group will discuss specifically the 
validation of the two proposals. As the prospects now 
stand, however, ASDF's proposal seems to be a likely choice, 
according to JDA sources. 


The theme of the study group is how to protect Japan's 
merchant ships and MSDF's fleets on the Pacific from the AS4 
long-range air-to-ship missiles fired by the Soviet's 
Backfire bombers, for example. 


The basic guidelines of the studies call for: (1) 
detecting a flying object 3,000 kilometers distant with the 
OTH radars; (2) identifying correctly friend or foe; (3) 
intercepting the intruder, and (4) shooting down the long- 
range missiles fired by the intruder with air defense 


missiles of the AEGIS ship. 


Within this framework, the group will study an 
efficient combination of weapon systems. 
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NISHIHIRO IMPLIES AWACS INTRODUCTION UNDER NEXT MDBP 
Tokyo AEROSPACE JAPAN-WEEKLY in English 1 Jun 87 pp 3-4 


[Text] 


Defense Agency's (JDA) Defense Policy Bureau Director 
General Seiki Nishihiro referred to AWACS (airborne warning 
and control system) aircraft at a budget committee of the 
House of Councilors on May 19. 





He said, "Japan will not introduce AWACS aircraft 
during the period of the FY 1986-90 Medium-Term Defense 
Buildup Program (MDBP) but the currently operational E-2C is 
not capable enough to control fighters in ocean air defense 
operations,” implying that introduction of AWACS aircraft 
may be studied after the current MDBP or the next MDBP. 


Nishihiro said, "If we have to do early warning 
operations only, the E-2Cs are enough because fighters can 
be controlled by ground radar sites. But if we have to 
perform warning operations for ocean air defense far from 
radar sites, the E-2C is not capable enough to control 
fighters. Each aircraft has its own field of work." 


/9274 
cso: 4307/031 
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DEFENSE INDUSTRIES 


PARTICIPATING COMPANIES ALLOWED TO USE SDI RESEARCH TECHNOLOGY 
0W140501 Tokyo KYODO in English 0440 GMT 14 Jul 87 


[Text] Tokyo, July 14 KYODO--Japanese companies which participate in the 
research phase of the U.S. strategic defense initiative (SDI) will be allowed 
to use the technology developed, government sources said Tuesday. The sources 
disclosed the outline of an agreement between the Japanese and United States 
Governments on a guideline for SDI participation by Japanese firms. 


The agreement also said ownership of the technology and information Japanese 
firms possess before taking part in the research phase of the space-based 
antimissile defense project, known as star wars, and the right to use thes 
will not be affected after they join the project. 


Japanese companies which wish to participate in the project should contact the 
U.S. Department of Defense or U.S. enterprises taking part in the project, it 
said. 


Regarding the protection of secrecy involving the research results, necessary 
measures will be taken within the framework of Japan's existing laws and 
agreements between the two countries, it said. 


An official note on the agreement will be made public, government sources 
said. A memo detailing the agreement and document specifying particulars and 
supplementary details will remain classified, the sources said. 


Japanese Ambassador to the U.S. Nobuo Matsunaga and U.S. Defense Secretary 
Caspar Weinberger will sign the note in Washington on Friday, the sources 
said. 


The countries have been discussing how Japan would join in the research phase 
of SDI since the Japanese Government decided to participate in the venture 
last September. 


Following Britain, West Germany, Israel, and Italy, Japan is the fifth country 
to reach an agreement on SDI participation with the United States. 
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DEFENSE INDUSTRIES 





JDA INTRODUCES SUPER COMPUTER 
Tokyo AEROSPACE JAPAN-WEEKLY in English 13 Jul 87 pp 3-4 
[Text] 


The Defense Agency (JDA) has introduced a super 
computer called "FACOM.VP50" from Fujitsu Ltd., one of the 
leading computer builders in Japan. The newly introduced 
computer is now used for providing weather forecast 
information to the three services of the Self-Defense Forces 
(JSDF). 


Its operational capabilities and speed of drawing 
weather charts are said to be about ten times as fast as 
conventional computers. It can provide weather information 
very quickly. 


It is the first time that JDA uses a super computer. A 
large portion of the electronics introduced to JDA and JSDF 
has been supplied by three major Japanese electronics firms 
including Mitsubishi Electric Corp., Toshiba Corp. and NEC 
Corp. With regard to the super computer for weather 
forecasting system, JDA highly evaluated Fujitsu's computer 
system development capabilities. 


Amid growing trade friction between Japan and the U.S., 
Japan's introduction of American super computers has become 
a major trade issue. In such circumstances, both JDA and 
Fujitsu have refrained from announcing the contract to avoid 
unnecessarily giving impetus to the U.S. 


The Meteorological Agency now uses a super computer 
built by Hitachi Ltd. for research purposes. But the agency 
still uses a conventional-type general-purpose computer for 
actual weather forecasting activities. 


With regard to super computers, the Japanese Government 
has earmarked funds to purchase American super computers in 
its supplementary budget for the current fiscal year to 
help reduce Japan's huge trade surplus. 
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JDA provides weather information to major bases of JSDF 
from an integrated weather information center of the Air 
Self-Defense Force's Air Traffic Control & Weather Wing. 
Various weather data are collected and analyzed at this 
center. 


JDA introduced the Fujitsu VP50 super computer this 
spring to upgrade the center's integrated weather analysis 
and forecast computer system called JAFCOM. 


In the past, JAFCOM used a general-purpose, large- 
capacity computer supplied by Toshiba Corp. for ten years 
since its establishment in 1971. This was succeeded by 
another general-purpose computer of NEC Corp. which has been 
in operation for seven years since 1980, 


In FY 1987, Fujitsu won defense contract totaling about 
¥14.1 billion from JDA. The company listed on the 12th 
position among the Japanese defense contractors, compared 
with Mitsubishi Electric (No.3), Toshiba (No.5) and NEC 
(No.6). 


/9274 
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TOSHIBA CASE MAY AFFECT FS-X, SDI 
Tokyo AEROSPACE JAPAN-WEEKLY in English 20 Jul 87 pp i-3 
{Text} 


Japan's plan for indigenous development of the FS-X 
next support fighter is likely to be affected negatively by 
Toshiba Machine Co.'s exports of computer-controlled milling 
machines to the Soviet Union, which violated rules of the 
Coordinating Committee on Export Controls (COCOM) to the 
Eastern bloc. 


According to government sources, the Japanese Defense 
Agency (JDA) had inclined for joint development of the FS-X 
between Japan and the U.S. with the initiative held by Japan 
and had expected to persuade the U.S. in this direction. 


However, in view of the U.S. Congress’ strong criticism 
against the Toshiba case, JDA now takes a wait-and-see 
attitude toward the U.S. congressional move for the time 
being to avoid giving impetus to American sentiment. 


JDA Director General Yuko Kurihara was expected to 
visit the U.S. this September in an effort to seek a 
political solution of the FS-X issue. But a final decision 
on his U.S. trip may depend on the U.S. congressional move. 


With regard to the FS-X, U.S. Defense Secretary Caspar 
Weinberger proposed that Japan introduce off-the-self or 
partially modified American aircraft as the FS-X, when he 
visited Japan late last month t- ss bilateral military 
issues with Kurihara. 


Kurihara expressed for the first time his agency's 
intention of accepting joint development between the two 
countries in selecting the FS-X. But he believes that the 
joint development of the FS-X can be carried out with its 
initiative taken by Japan, according to JDA sources. 
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There will be no problem in the Japanese-led FS-X joint 
development from purely a military point of view because 
Japan's present technology is believed to be good enough to 
develop a state-of-the-art fighter aircraft. There will be 
no problem in terms of avoiding pressure from the defense 
industries of the two countries. 


From a security point of view between the two 
countries, there will be no obstacle either because 
interoperability with the U.S. Air Force can be maintained 
including weapons, fuel and communications systems. 


In such circumstances, there are no problems in giving 
a go-ahead to the Japanese-led joint development. But the 
U.S. is strongly opposed against Japan's initiative because 
it may result in increased potential of the Japanese 
aircraft industry after all. 


The Toshiba case is likely to have subtle influence on 
this movement to seek a final solution of the FS-X issue. 
Although the Japanese aircraft industry now believes that 
the FS-X will be a joint development program of which 
initiative held by Japan, it has strong concern about how 
JDA will cope with the U.S. action. 


With regard to the Japan's participation in the U.S. 
Strategic Defense Initiative (SDI) research project, no 
decision has been made yet, although final rounds of the SDI 
talks have been underway between the two countries since 
early June this year. 


An expected agreement between Japan and the U.S. is 
likely to be nearly the same as the one between West Germany 
and the U.S. according to the ministries of Foreign Affairs, 
and International Trade and Industry. 


Japanese companies will be allowed to use the 
technology developed under the research phase of SDI but the 
license for the technology in principle will belong to the 
U.S. government, according to the sources. 


The Japanese electronics manufacturers are concerned 
about one thing which is the industrial property of the 
technology. They are afraid if the U.S. restriction is too 
strict, not only new technology but also their conventional 
technology might be restricted. If the U.S. intensify its 
restriction on the research results because of the Toshiba 
case, they might have to re-consider participation in the 
SDI research project. 


The U.S. now gives its priority to the terminal defense 
(interception of ICBM by ground facilities) as the first 
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phase rather than development of weapons in space, making 
the SDI project more realistic. American manufacturers 
believe that they can develop the first-phase weapons by 
themselves with modification of conventional weapons. 


The U.S. now seems to believe that it is unnecessary to 
collaborate with foreign manufacturers, while Japanese 
manufacturers are cautious not to cause a similar case like 
Toshiba. In such circumstances, the gap between Japan and 
the U.S. seems to be getting wider. 


The Japanese defense manufacturers now seem to be 
losing their interest in the SDI research project. 
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DEFENSE INDUSTRIES 


OPERATIONAL TESTS OF CH-47J COMPLETED 
Tokyo AEROSPACE JAPAN-WEEKLY in English 20 Jul 87 pp 3-4 
[Text] 


The Air Proving Wing of the Air Self-Defense Force 
(ASDF) completed operational tests of the Boeing Vertol CH- 
47J (No.1 aircraft) Chinook transport helicopter which it 
received in December last year. 


From now on, the helicopter will undergo practical 
operational phase from July through September this year. 
During this period, the helicopter will be certified by the 
Defense Agency Director General for use at operational 
units. It will be moved to Iruma Air Base where a 
provisional air transport squadron will be formed around 
this October. 


The practical operational phase is aimed at conducting 
tests on the items not listed in the operational tests. 
First of all, the helicopter will undergo heavy lifting 
tests at Ashiya Air Base. 


Following the first CH-47J ordered in FY 1984, ASDF 
placed an order for the second one in FY 1985. The second 
CH-47J to be delivered late this year will be deployed with 
the provisional air transport squadron. 


ASDF placed orders for three CH-47Js in FY 1986 and two 
in FY 1987. The three ordered in FY 1986 will be delivered 
in FY 1988 for deployment at Misawa Air Base and the two 
ordered in FY 1987 will be delivered in FY 1989 for 
deployment at Iruma Air Base. 


ASDF plans to purchase 12 CH-47Js under the current FY 
1986-90 Medium-Term Defense Buildup Program. In addition to 
Misawa and Iruma, three will be deployed with the Western 
Air Defense Force and two with the Southwestern Composite 
Air Division at Naha Air Base. 
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DEFENSE INDUSTRIES 


LONG-RUN ENDURANCE TESTS OF F3 ENCINE UNDERWAY 
Tokyo AEROSPACE JAPAN-WEEKLY in English 20 Jul 87 pp 4-5 


[Text] 


The Technical R&D Institute (TRDI) started last Marcn 
long-run endurance tests on the F3-IHI-330 engines which 
completed type certification tests with a view to improving 
Gurability and reliability of the coming production engine. 


At present, the second round of the endurance tests are 
underway. TRDI plans to conduct the endurance tests six 
times by the end of September 1988 to prepare for the first 
production engine. 


The XT-4 new medium jet trainer to be powered by the 
F3-IHI-330 engines is now undergoing operational tests by 
the Air Proving Wing of the Air Self-Defense Force (ASDF). 
Making about 370 flights by the end of June, the aircraft 
has completed almost all tests on its performance without 
external payloads such as fuel tanks. 


From now on, the XT-4 will be tested with external 
payloads. The tests will be completed by the end of March 
1988. This will be followed by evaluation of the tests in 
the first quarter of FY 1988. Its operation by squadrons 
will be certified by the Defense Agency Director General 
around September 1988, 


With regard to production aircraft of the XT-4, ASDF 
placed last March an order for 12 aircraft, first of which 
will be delivered in September 1988 for deployment with the 
First Air Wing at Hamamatsu Air Base. 


At the same time, ASDF placed an order for 24 F3 
engines to power the 12 production aircraft. The delivery 
of the engines will begin in December, keeping pace with the 
aircraft production. The long-run endurance tests to prove 








reliability ard durability of the engine will be completed 
in time for the aircraft operation to start in September. 


The long-run endurance tests are conducted on the 
second and fifth prototype engines. TRDI will conduct tests 
and overhauls of the two engines in turn. Each of the two 
engines will undergo the endurance tests three times 
totaling 200 hours. 
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DEFENSE INDUSTRIES 


RF-4 TO BE ADDED WITH JAMMER, RADAR WARNING SYSTEM 
Tokyo AEROSPACE JAPAN-WEEKLY in English 20 Jul 87 pp 5-6 


[Text] 


The Air Proving Wing of the Air Self-Defense Force 
(ASDF) is now operating the J/APR-5 radar warning system for 
test purposes. The test operation is expected to be 
completed by the end of July, about two months earlier than 
originally planned. 


ASDF introaucec :4 RF-4 rrhantom il reconnalsséence 
aircraft from 1972 through 1975 to replace the RF-86Fs. For 
reconnaissance missions, the RF-4 is equipped with the APo- 
99 terréin-ftliiowins reser £2 itt nose, the APO-102 €:<5e- 
loctine racer neneaetr tne forwaro pocv. ana an infrareo-ra’ 


scarner tor maQ@nt activitie Ine aircraft nas tnreée 


recio-mna@lesance camer2s ir ite nose 

is. &SS:tisor. t¢ tnese ecov:omer.:. ASDF Geciageé te adgé <cne 
ALOQO-13° lIammer ir, FY 196<c Test cverétior cl tne iammer was 
Carries Cut i ear. c 


ast THES, st &sSc BEciages to eaquac the 
@ircraft with tné APA-5 raacdar warninc system ir, FY 1967. 


ASDF also plans to equio tne aircraft witn the ALE-4C 
chaff and fiare dispenser. Tnouan the RF-4 is vuinerabie 
against attack pecaéause it 1S praccically not armec, its 
Getense capability will Dé improvec with new esuloment at 
ieast under eiectronic warfare environmen. 
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DEFENSE INDUSTRIES 


XAAM-3 PROTOTYPE FABRICATION STARTS THIS YEAR 
Tokyo AEROSPACE JAPAN-WEEKLY in English 20 Jun 87 p 3 
[Text] 


The Defense Agency's Technical R&D Institute (TRDI) 
will start prototype fabrication of the XAAM-3 short-range 
air-to-air missile this year. Mitsubishi Heavy Industries, 
Ltd. (MHI) is the prime contractor of the missile 
development. 


The new missile will be completed over the next two or 
three years. Its performance is expected to be better than 
the AIM-9L which is now produced under license in Japan. At 
the same time, it will be Japan's first full-scale 
indigenous dogfight missile, contributing to improvement of 
the existing fighter aircraft system. 


With regard to a short-range air-to-air missile, Japan 
currently uses the AIM-9L Sidewinder infrared homing missile 
which is produced in Japan by MHI under license from 
Raytheon of the U.S. 


The XAAM-3 to be developed as a highly capable dogfight 
missile is designed to be superior to the AIM-9L in terms of 
maneuverability. Its infrared ray sensing capability will 
be higher too. NEC Corp. is responsible for development of 
the infrared-ray sensor and homing systems. 


NEC was engaged in development of the subsystems of the 
missile. This year, it will start development of the 
system-integrated missile. After two or three years of 
tests, including live firing tests, the missile is expected 
to be installed on such fighter aircraft as the F-4, F-15 
and F-1, 
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DEFENSE INDUSTRIES 


SUPERCONDUCTOR APPLICATIONS TO MINESWEEPING REVIEWED 
Tokyo BOEI GIJUTSU In Japanese Feb 87 pp 30-42 
[Text] Chapter 5: Mine Sweeping 

4-1 Background 


A magnetic mine is triggered when a ship passing nearby causes a change in the 
surrounding magnetic field. The standard technique for disposing of such a 
mine involves use of a series of coil-like cables dragged from a mine sweeper, 
and driving a high current flow through the coil to generate a magnetic field 
which mimics the magnetic field induced by a ship, to cause the mine to 
detonate (Figure 3.5). Magnetic moment mc [Atm@] equivalent to a coil can be 
expressed as 
2, = Ins (1) 

where I[A]) denotes current, n{t] the number of turns of the coil, and S[m2} 
the coil cross-sectional area. Currently available mine-sweeping devices 
attain a large value of mc DY using large values of I and S in Equation (1). 
The higher the value of mo, the greater is the effective area of the created 
magnetic field, which translates into an increased width of the area that can 
be swept and better mine-sweeping efficiency. A high value of S, however, 
means high drag resistance when the coil is dragged from the mine sweeper, 
resulting in reduced navigation speed. Further, increasing the value of I 
requires a large electrical generator aboard the mine sweeper, adding to the 
Weight of the vessel and hence a further decrease in the navigational speed. 
At any event, to minimize the hazard of mine explosions on the sweeper itself, 
the dragged coil needs to be sufficiently long, which detracts from sweeper 
maneuverability. These factors set an upper limit to the speed of mine 
Sweeping operations. 


Protecting a fleet in the event of a war requires the ability to rapidly sweep 
wide areas. Given this need, we have investigated the possibility of reducing 
the coil size by increasing the value of n in Equation (1). 


Increasing the value of n in Equation (1) and reducing the coil size would 
lead to an increase in the current density within the conductive material 
comprising the coil, with an attendant increase in joule heat and energy loss. 
Therefore, we have considered the possibility of using a superconducting 
magnet, capable of attaining high current densities with low energy losses, 





along with the cooling system that would be required, in the context of 
current technology and how such a mine sweeping system might be operated. 


5.2 Current Status of Mine Sweeping to Deal with Magnetic Mines 


Currently, different mine sweeping techniques are employed for different 
Magnetic mines. 


During World War II, Japanese vessels suffered enormous damage from the 
magnetic mines set up by the U.S. forces. Magnetic mine technology at that 
time consisted of a simple magnetic needle or coil; however, those were 
sufficiently powerful to completely disrupt the Japanese maritime supply 
lines. Given the importance of marine transportation and the vulnerability of 
Japanese ships to magnetic mines, a major emphasis in Japanese defense 
thinking during the postwar period has been magnet-proofing our mine sweepers 
and ships that need to be protected from those mines. 


Since mine sweepers are designed to detect magnetic mines and the magnetic 
mines are designed to detect the magnetic moment emanated by the potential 
target ships, before discussing magnetic mine sweeping it is necessary to 
review the nature of magnetic moment associated with ships. 


Most ships are made of a ferromagnetic material, i.e., steel. As would be 
expected from its elongated profile, a ship has large double magnetic moments. 
Assuming the size of the magnetic moment of a ship to be 100Atm2 per ton, and 
assuming that it has a direction relative to the ship as depicted in Figure 36 
(a), the magnetic field at the bottom of the ship would be as depicted in 
Figure 36 (b). Although there are various types of magnetic mines, most of 
them are designed to monitor the magnetic field as shown in Figure 37 in order 
to remove interfering noise such as changes in earth magnetism, and to set off 
an explosion within the distance indicated by point P in the figure to —— 
the target ship. In other words, a magnetic field intensity monitoring leve 

Hs and an activation level HA are established. When the magnetic field 
intensity exceeds HS at point M in Figure 37, reaches Ha 2* Point N, and 
after a pole reversal, exceeds - Hs at point O and reaches - HA at point P 

the mine is set off. When viewed in terms of Figure 36(b), this means Prat thé 
explosion occurs when the mine is either direutly under the ship or in the 
proximity of its stern, so as to inflict maxium damage to the ship. 


To sweep a mine field infested with this type of mine, a large amount of time- 


dependent current (Figure 38(a)) is passed through a cable (mine-sweeping 
Cable) dragged from a mine sweeper as shown in Figure 35. By this method, when 
the mine-sweeping cable passes over a stationary mine, a magnetic field is 
Created relative to the location of the line, as shown in Figure 38 (b), 
creating an illusion as if a ship was passing nearby even though the cable may 
be at a great distance from the mine. The higher the magnetic moment of the 
mine-sweeping cable thus generated the greater would be the range of effective 
sweeping. However, if we denote the magnetic moment of a mine-sweeping cable 
as m [Atm2], the magnetic field H [At/m] at surface distance r [m) from the 
Cable would be 
Hem/r3 (2) 

Thus, even if m is increased a-fold, the gain in sweeping width would be 
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To counter such anti-mine measures, it appears that mines endowed with 
countermeasures (anti-mine sweeping capabilities) are being developed. Such 
countermeasures typically consist of: 

(1) Providing various time limits between points M and N, M and 0, and M and P 
in Figure 3.7- 

(2) Providing a condition so that if the magnetic field reversal occurs more 


than once after the tic intensity exceeds HS but before it reaches HA’ 
then no detonation is occur. 


In such countermeasures, Item (1) is intended to exclude "unnatural" magnetic 
field changes that are too rapid or slow compared to the waveform that can be 
expected from a ship. To deal with this scheme, the mine sweeper needs to pass 
sine-form current (Figure 40 (a)) instead of the rectangular current profile 
of Figure 38 (a). Feature (2), however, works even for such a magnetic field 
(Figure 40 (b)). 


A strategy employed to nullify feature (2) is to pass a direct current through 
the mine sweeping cable. When a sweeping with direct current flowing in it 
Passes over a mine, the magnetic field detected by the mine takes on the form 
shown in Figure 41, virtually equivalent to that which would be created by a 
Ship. In such sweeping operations, the mine detonates directly under the 
cable. Therefore, cables used for this purpose must be sufficiently strong to 
withstand the blast of mine. 


Such is the current status of mine sweeping devices which are intended for use 
in relatively shallow waters such as ports and harbors. 


Recent developments in moored and uprising mines have increased the depth in 
which mines can be planted, resulting in a corresponding increase in the sea 
area in which mines can be set up. This calls for a capability for sweeping a 
wider area at greater speeds. Given the remarkable advancements in 
electronics, it is easily anticipated that mines can be endowed with a high 
degree of capability to reject spurious magnetic wave patterns. Therefore, in 
addition to a capability for high-speed, wide-area sweeping, the mine-sweeping 
apparatus would have to contend with mines that have sophisticated anti- 
Sweeping capability. 


Now we need to discuss the current status of superconducting magnets for 
generating strong magnetic fields. Solenoid superconducting magnets are 
Considered well suited for mine sweeping purposes because of their ability to 
enerate magnetic fields that diminish relatively little as a function of 
istance. Also, we have considered magnets having an axis perpendicular to the 


ocean surface since they exert a uniform magnetic field over the periphery. 
When current I [A] is passed through a solenoid superconducting magnet with n 


[t) coil turns, length 1 (m), inner Geacter Ri (m) and outer diameter Ro [@]s 
he generated current density “A/a will be 


ope ne IC 4+ CRe -R,)) (3) 


with magnetic moment mc °f 
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The energy E accumulated in this magnet in terms of self-inductance L can be 
expressed as 
2 
e=4.uI'- a (BI) «R,-é 


—. R,)® Rt é (6) 


Further, it is known from empirical observations that constraints shown in 
Figure 42 exist between E and 1). Currently the highest available value of 


is 6 X 108A/m2. The weight W of the magnet, assuming an 8 X 103(kg/m3] 
density, will be 


W2 8X 103X (Ro2- Ry2).L (7) 


Taking the above factors into consideration, we have calculated the maximum M 
which can be obtained with actually feasible dimensions and weights: 


me =389xX10*( Ata) 
E =$7x10*( Jj) 

He =868x1 0*(At/m) =109(T) ) 
Oo; =6x 10°C A/S ag) 

4 =05(m),R,= 0 5(m),R,=01(m) 
W =30x10*(wy) (8) 
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: ch a valu nf can reproduce, from a distance of 100 meters, a sagnetic 
feld by a $ She ton (with an assumed magnetic moment of 2 X 105 Atmw2) ship 
passing directly above the sensor as it would be detected by a sensor located 
at a depth of 50 meters. For mine sweeping purposes, a distance of 100 meters 
is barely sufficient to avoid damage from the effect of mine explosion. 
Therefore, it is desirable to increase this value by an order of magnitude or 
more. 


5-3 Concept of Superconductivity Application Technology 


As typical ¢:‘>les of superconductivity-based mine sweeping operations, we 
have identi ‘zd two methods and considered how they might be employed in 
actual situations. The first method involves use of an AC and the second 
@ethod the use of a DC superconducting magnet carried aboard a ship. 


5.3.1 AC Method 


This method involves fitting the body of the ship with an alternating current 


superconducting magnet as a replacement for the conventional technique of 
Sending current through mine sweeping cables in intermittent fashion. 


Passing AC current through a superconducting magnet leads to the generation 
Of an eddy current within copper and other conducting materials used for 
superconductivity stabilization, resulting in a power loss. According to an 
equation worked out by M. Tincam 2) for a case involving electrical resistance 
= 0.01 Pou (300K) using a wire with a 0.05 om diameter, the loss P([W) can be 
expressed as 
P = 10-16 X H2 (W/m3], 

where H is the rate of change of the magnetic field. The magnet described in 
Section 5.2, Equation (8), when subjected to AC current at 30-second 
intervals, would produce a loss of 90W, a value which a large refrigeration 
unit can handle. 


A system meeting these requirements, as installed in a ship, would consist of: 
(1) a superconducting magnet housed in a low-temperature container, 

(2) a magnet power supply unit (AC, +200A, period: 30 seconds) 

(3) a refrigeration unit and necessary power supply (4.2K, 100W). 


Such a ship, equipped with an engine for propulsion, would have to be fairly 
large. The function of the refrigeration unit in such a system would be to 
compensate for the heat flow from the external environment into the low- 
temperature container, and for the joule heat generated by the power loss in 
the magnet; it would not have the capacity to cool the container and the 
magnet from room temperature (300K) down to 4.2K in the short period of time 
it takes for startup operations. Consequently, the system would have to be 
supported by a land-based low-temperature facility providing: 

(1) liquid nitrogen containers (for precooling, several containers of 150 
liters each), 

(2) dry nitrogen gas pressurized cylinders (150 atmospheres, 2 containers of 











7m3 each), 

(3) liquid helium containers (several units of 150 liters each), 

(4) _— gas pressurized cylinders (150 atmospheres, 2 units of 7 2° 
each 

and . 

(5) pipes for supplying these iteazs. 


Liquid heliumg, liquid nitrogen, and helium gas are available from a few 
commercial sources. They can be delivered with a few days’ notic®- The 
necessary containers are also available commercially. However, we are 100% 
dependent on the United States for our supply of helius. In the past the U.S. 
has restricted exportation of helium as a militarily important commodity. If 
we are to use helium in large quantities, we must acquire our own helius 
liquefiers and make efforts to conserve utilization of this resource. 


As for the amount of time required for initial cooling, it can be accomplished 
within 24 hours if sufficient amounts of liquid nitroeca and helium are used. 
If the system is precooled with liquid nitrogen while the ship is in port 
awaiting dispatching, it would be possible to achieve 4.2K cooling within 3 
hours. Thus, the system would be refrigerated to 4.2K in the port, and after 
the ship has reached the sea area to be mine-swept the refrigeration unit 
would be turned on to activate the magnet. Such an operation would enable the 
Ship to operate continuously within the constraints of fuel capacity; thus, 
the ship would be able to operate on a stand-alone basis. 


A drawback of such a system is its large size and complexity; the —— 
high cost would make any damage from explosions a costly affair. A crucia 
problem is the variability in the sensitivity of mines. Lower-sensitivity 
mines would detonate correspondingly closer to the ship, making it difficult 
to assure the ship's safety. The ship could be made an unmanned ship, to be 
maneuvered by remote control. Such a ship, however, would be expensive to 
build, poor in cost performance, and therefore not practical. 


5.3.2 Direct Current Method 


To deal with mines having sophisticated anti-sweeping capabilities beyond the 
reach of conventional mine sweeping methods, we have considered the 
possibility of using a DC superconducting magnet installed in the ship as a 
lure. Such a magnet would be used in the permanent current mode; since the 
power supply unit would be needed only during magnetization, it would not have 
to be carried aboard the ship. Also, since there would be no power loss after 
magnetization has been achieved, the system could be operated for about 24 
hours without requiring a refrigeration unit, provided the low-temperature 
container is sufficiently large. On the other hand, DC methods are effective 
only over a limited range, which entails a high probability of damage to the 
ship by mine explosions. Assuming that the limited range of mine sweeping 
effectiveness could be compensated for by increasing the speed and 


maneuverability of the ship, we focused mainly on constructing hardware that 
is simple, inexpensive and capable of withstanding explosions. 


In view of these requirements, we have constructed a system with as simple a 
hardware system as possible: The ship itself is of simple structure, provided 
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with a propeller and a remote control system. The superconducting system to be 
carried on the ship would be a magnet contained in a low-temperature vessel. 
To keep the hardware simple, the vaporized helium in the low-temperature 
container would be released into the atmosphere. Such a system would require 
@ gwother ship to supply liquid heliusg and electrical power for the sagnet. 
During this time the magnet would be precooled, to receive input of liquid 
helium immediately before mine sweeping operations are to begin. After liquid 
helium is supplied, the magnet would be sagnetized to put it in the permanent 
current gode, after which the power supply can be detached. After this, the 
mine sweeper would leave the msother ship to conduct gine sweeping operations. 
The ship would be capable of over 24 hours of continuous operation. At the 
end of each continuous operation period, the ship would have to return to its 
sother ship for replenishment of its liquid helium. Since the sgother ship 
would require a large capacity for storing liquid helium, and would need room 
for storing the mine sweeper itself, it would have to be quite large. 


With this method, the only expensive item subject to damage by an exploding 
Zine would be the superconducting magnet on the minesweeper. If the mines to 


be searched for and destroyed are expensive, the high cost of the ship can be 
justified. Cost/benefit and related quantitative analyses still need to be 


performed. It is our feeling that such a system would be feasible. 
5.4 Advantages and Problems 


Table 13 summarizes the advantages and problems inherent in the two approaches 
discussed in Section 5.3 as well as those in conventional systems. Use of a 
Superconducting magnet would always present the problem of cost. However, if 
its ability to sweep wide sea areas at high speed is of crucial igportance, 
the system would be justifiable notwithstanding its high cost. 


Table 13. Advantages and Disadvantages of Magnetic Mine Sweeping 
Using a Superconducting Magnet 


Superconducting 
Operation magnet & related Required 
Concept specs equipment Advan s Disadvantages 
Replacing Ship-borne Power supply Great sweeping Large, complex 
existing equipment for magnet width (200 a) hardware 
magnetic AC > 30 sec. Freezer High-speed run High cost 
mine m (@ax) = (approx. 15 kt) Vulnerable 
sweeping 3X106 atm2 Maneuverability to explosion 
Capacity for Inadequate 
continuous ship safety 
operation (for 
days) 
Stand-alone 
operation 
Capability 
Removal of Ship-borne (Magneto power Ability to deal Limited 
advanced equipment supply, liquid with advanced sweeping width 
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mines DC (permanent He, and supply sines Inadequate ship 


regaining current sode) facilities High-speed run safety 
after m=3X106 Ata2 provided ina Maneuverbility Requires a 
preliginary t = 180A mother ship) Sisple facility sother ship 
sweeping Weight: 3.0 Low cost Requires 
tons Explosion- periodical He 
resistant replenishment 
Conventional Intermittent Mine sweeping Siaple Slow operating 
method or continuous generator structure speed (<10kt) 
(for current dis- Low cost Poor 
comparison) charge through Explosion- maneuverability 
a mine sweeping resistant Requires high 
Cable dragged current. 


by a mine sweeper 


Chapter 6: Issues in Superconducting Technology and Future Tasks 


In this chapter we discuss issues common to the military applications of 
Superconducting technolgy addressed in chapters 2 through 5, and the 
approaches we think ought to be taken by the Technology Research Office in 
dealing with these issues. 


6.1 Issues in Superconducting Technology and Tasks 


There are duo major issues underlying superconducting technology: the need for 
cooling to produce and gaintain a superconducting state; and the impact of 4a 


Superconductivity-induced magnetic field. 
6.1.1. Issues Related to Cooling 


Despite its enormous potential, superconductivity technology has not made a 
large impact on the practical level due to the fact that superconductivity can 
be obtained only at extremely low temperatures. The absence of equipment or 
products employing superconductivity in our daily life and an extreme lowness 
Of temperature which defies our capacity to fully comprehend, have led to the 
conception that superconductivity is “only for academic interest, with little 
practical value.” Further, the difficulties associated with handling have 
limited the number of engineers engaged in superconductivity application work. 
Thus, superconductivity, strapped in by the problem of cooling, has been a 
victia of negative misconceptions. This has put a damper on superconductivity 
technology research. It seems that superconductivity technology needs 
something to dispel its negative image. 


Indeed, in terms of practical reality, the need for a cooling system makes it 
difficult to realize an overall reduction in a superconductivity-based syston, 
exerting a high toll in teras of energy efficiency of the total systen. 
Efforts have been put into size and weight reduction and isgproving the 
efficiency of cooling systems by cryogenic engineers. Such efforts should 
continue in the future. The same can be said of the research and development 
of materials exhibiting superconductivity at higher temperatures. 
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Of the various issues concerning cooling, the following are relevant to 
silitary applications: 


(1) Problems of startup tise. 


A superconducting system saintained at room temperature during idle time would 
require long hours for cooling before it can be put into use, thus denying an 
instant response capability. Maintaining the system at a cooled state, ready 
to be sprung for action at any tise, would be expensive in terms of required 
energy consumption, detracting from the overall cost efficiency of the systes. 
An obvious alternative would be to maintain the syste at a temperature near, 
but mot quite at, superconductivity to reduce the leadtige for attaining 
superconductivity. At any rate, since this problem varies from one operational 
requirement to another, it gust be answered in terms of the required state of 
readiness. 


(2) Woise Generated by a Cooling Systes 


Noise generated by the freezer or condenser, especially the condenser, is a 
potential military problem, especially in terms of a submarine electromagnetic 
propulsion system using superconductivity. It would not make sense if an 
electromagnetic propulsion system intended for quietness generated high noise. 
A possible method of dealing with this problem would be reducing the noise of 
these components as well as providing an anti-vibration support. 


(3) Service Life of a Freezer 


Currently a freezer is capable of only 500 hours of continuous operation, 
which would be inadequate in certain operational situations. Hence, it is 
necessary to increase the duration of freezer continuous operation. 


6.1.2 Issues Relating to the Magnetic Field 


The examples of military application of superconductivity discussed thus far 
are all intended to achieve efficient generation and maintenance of a strong 
Magnetic field by superconducting. Such a magnetic field, on the other hand, 
can create problems: the impact of a strong magnetic field on the surrounding 
personnel and equipment, and the difficulty of reducing the size of a sagnet 
for the generation of strong magnetic fields. Further, there is a limit to the 
intensity of a strongly magnetic field that can be generated with a 
superconducting magnet. The question of how to increase this ligit poses 
another challenge. 


(1) Reducing the adverse impact of strong magnetic fields on surrounding 
personnel and equipment 


Theories hold that up to a certain point a magnetic field is beneficial, 
rather than haraful, to human health. The impact of magnetic field on human 
beings is not fully understood; further investigation is needed in this area. 
However, it is inconceivable that an excessive magnetic field would be 
beneficial to humans; also, a strong magnetic field would have nothing but 








detrimental effect on personnel, their accoutrements, and surrounding 
equipment. Therefore, to generate a stong magnetic field by superconductivity, 
it is necessary to prevent its unintended release to the external environment. 


As a possible measure, depending on the type of a superconducting magnet used, 
or where multiple magnets are used, they must ce arranged, based on 
electromagnetic theory, to minimize magnetic flux leaxage. Generation of 
magnetic flux leakage in itself represents a loss, sesulting in reduced 
efficiency of the superconducting magnet. Unlike the magnetic shield to be 
described below, measures to deal with this problem do not necessarily lead to 
an increased size of a system based on superconductivity. Therefore, measures 
to prevent magnetic flux leakage must be addressed first. 


A second area is the magnetic shield. This measure includes use of a 
ferromagnetic body and the Meissner effect, which means that even if a 
magnetic field is applied, a superconducting material has no magnetic flux 
density. Using this effect, it might be possible to realize a perfect magnetic 
Shield. However, to do this it would be necessary to provide low-temperature 
containers and related hardware pieces to realize and maintain a 
Superconducting state, resulting in an increased system size. Further, the 
energy consumed for cooling purposes detracts from the overall system 
efficiency. Consequently, a magnetic shield based on the Meissner effect can 
be justified only for special purposes. On the other hand, a magnetic shield 
uSing iron and other ferromagnetic substances may not be perfect, but since 
iron can also serve as a system structural material, its use could result in 
avoidance of an excessively large system size. Another advantage is that no 


energy is required for magnetic shielding. Therefore, ferromagnetic materials 
shou be our first choice in providing a magnetic shield, with the Meissner 


effect to be considered only as the last resort. 


At any rate, the question of whether or not a magnetic shield is to be 
employed, or what methods are to be employed, must be combined with 
investigation of a detailed system magnetic distribution so as to avoid 
increases in system size. 


(2) Difficulties of miniaturizing superconducting magnets 


Generally in an electromagnet, the electrical current flowing in the magnet is 
Subjected to the influence of a magnetic field generated by the magnet, with 
the result that an excessively large current can cause a deformation or even 
destruction of the magnet. Consequently, a fortifying material to prevent this 
possibility is needed. Thus, superconducting magnets for generation of the 
Strong magnetic fields that we are considering involve large currents, with 
the implication that the weight and size of the supporting material for the 
Magnets cannot be ignored. As a result, the magnets themselves would be quite 
large. This presents a serious problem if a superconducting magnet is to be 
used for mine sweeping purposes, given the small size and limited load of the 


mine sweeper. 


To deal with this problem, we need to conduct computer simulation studies to 
determine the various forces that are exerted on magnet components, to design 
a Magnet of a shape such that those forces would be minimized, and to use a 
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minimum amount cf supporting materials, if necessary. Use of specially 
developed light and strong supporting materials should also be considered. 


(3) The Challenge of the strong magnetic field 


Although superconductivity is capable of efficient production of significantly 
stronger magnetic fields than ordinary conductivity can, there are limits to 
the attainable magnetic flux density due to constraints of the current density 
that can flow in the coil. The question of up to what magnetic flux density 
can be attained is currently an object of active research at various research 
institutions throughout the world. The higher the attainable magnetic flux 
Gensity, the greater will be the range of possible military applications. 


6.2 Research Programs at the Technology Research Office 


As we discussed in Chapter 1, an enormous amount of research effort is being 
expended on superconductivity technology, both on its military and nonmilitary 
aspects. Also, as presented in Chapters 2 through 5, the results of our 
detailed investigations on specific application examples confirm the 
advantages of applying superconductivity technology to military requirements. 
Thus, superconductivity technology is a basic technology offering a wide range 
of application possibilities. In the past, superconductivity was considered 
difficu)% to realize due to the need for cooling; however, recently there have 
been indications of practical applications, as can be seen in the magnetically 
floating train system being pursued by the National Railways, and research on 
Superconducting electric power generators. 


In the Technology Research Office, superconductivity research has been 
conducted in an organizationally fragmented manner, several laboratories 
pursuing research on different equipment systems. However, since all 
Superconductivity research activities have a need for low-temperature 
facilities, and require the development of common supporting technologies, 
this area of research should be the province of an integrated organization. 


Epilogue 


This paper was put together after each member of our research team worked 

on a different topic, such as submarine electromagnetic propulsion (Oguchi), 
electromagnetic guns (Inoue), aircraft power generator (Date), and 
electromagnetic mine sweeping (Hirota), at the conclusion of which results 
were consolidated and discussed. Such a study method could have resulted in a 
highly fragmented product. It was only because of the guidance from Kazuo 
Imamura, Instructor Ryuichi Nagasawa, and Instructor Sokun Munekura that the 
danger was avoided and it was possible to produce a fairly consistent picture. 


We are also indebted to much research data made available to us by various 
electrical equipment laboratories even at early stages of their research 
efforts. The information furnished to us in this manner enabled us to obtain 
the knowledge that formed the basis of this study at an early stage of the 
game. 


Also, we could not have conducted this research work without the advice of 











personnel both in and out of the Technology Research Office regarding military 
aspects of the research. 


We would like to express our sincere thanks to these persons. 


As part of our research effort, we interviewed Senior Researcher Hiroshi 
Nakajima at the National Railways Technology Research Institution concerning 
the magnetically floating train which is being pursued by that organization as 
an example of practical application of superconductivity technology. Hearing 
the advantages of and issues inherent in superconductivity technology directly 
from someone responsible for its implementation gave us a good feel for the 
hurdles that must be overcome before superconductivity technology can be put 
into practical use. 


By introduction from Mr. Imamura, we also interviewed Deputy Chief Shizuo 
Suzuki and Assistant to Section Chief Takumi Taniguchi, who are in charge of 
Magnetic floatation based on ordinary superconductivity at Japan Airlines, 
intended to provide an alternative to superconductivity research. The 
Questions and answers granted in those interviews were valuable to us in 
understanding the characteristics of superconductivity. 


Although the results of these two interviews have not been incorporated in our 
present paper, they gave us a good feel for the fact that the practical 
utilization of superconductivity technology cannot be accomplished by 
improving on existing mechanical structures, and that it takes substantial 
Qualitative changes to accomplish it. 


During our visit to Nissan Motor facilities as part of this research, we saw 
an "ICBM" continuously ready system based on liquid hydrogen whose boiling 
point is 200K. This gave us much encouragement as a concrete example of 
practical utilization of cryogenic technology. 


The individual chapters and sections of this paper were written by the 
following persons: 

Sections 1.1 and 1.2: Hirota; Section 1.3: Date; Section 1.4: Oguchi; Chapter 
2: Oguchi; Chapter 3: Inoue; Chapter 4: Date; Chapter 5: Hirota; Chapter 6: 
Inoue; and Epilogue: Hirota. 
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Figure 35. Conventional Magnetic Mine Sweeping Method 
Key: 
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Figure 36. The Magnetic Moment of a Ship and the Magnetic Field at the Bottom 
of the Ship 
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Figure 37. Magnetic Field Monitoring by a Mine 
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Key: 
1. Magnetic field intensity 
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Figure 38. The Electrical Current in a Mine Sweeping Cable and the Magnetic 
Field Induced at the Location of a Mine 
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(Relative distance between the mine sweeping cable and the mine) 
3. Magnetic field intensity 








4. Passage directly above the mine 
5. Time 


Figure 39. Example of Magnetic Field Changes Used by Sophisticated Anti-Mine 
Sweeping Mechanisms 
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Figure 40. A Magnetic Field Induced at the Mine sweeping Cable (AC) and Mine 
Position 
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4. Passage directly above the mine 
5. Time 


Figure 41. The Magnetic Field Induced at the Mine Position When Direct 
Current is Passed through the Mine-Sweeping Cable 
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1. Passage directly above the mine 
2. Magnetic field intensity 


3. Time 
4. Note: "X" indicates the direction of the mine-sweeping cable movement. 
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Figure 42. Relationship between the Cumulative Magnetic Energy Produced by 
Many Superconducting Magnets and the Current Density 
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Key: 

1. Test value 

2. Under construction or design value 
3. Wb alloy wire 

4. Combination of Nbosy and NbTi 

5. Failure (1.8K) 

6. Up to 60kAcm-2 


7 Es (Cumulative Magnetic Energy) (MJ) 
8 Mean current density [kAcm-e 
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DEFENSE INDUSTRIES 


BRIEFS 


WARNING, CONTROL RADAR OPERATIONAL TESTS--The Air Proving Wing of the Air 
Self-Defense Force (ASDF) will start operational tests of the next morning 
and control radar in July, The new radar is being developed to replace the 
outdated FPS-3 now installed at ASDF's radar sites. Since its delivery 

last March, the radar has been under technical tests. The operational tests 
are expected to be completed in September 1988 with a view to beginning prac- 


tical operation in FY 1989. [Text] [Tokyo AEROSPACE JAPAN-WEEKLY in English 
20 Jul 87 p 4) /9274 


CSO: 4307/031 
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FACTORY AUTOMATION, ROBOTICS 


FRENCH EMBASSY EVALUATION OF JAPANESE VISION SYSTEMS 
Paris CPE BULLETIN in French Feb-Mar 87 pp 69-74 


[Article by Guy Benchimol: “Industrial Vision Systems in Japan"; based on a 
report by Gilbert Pion of the economic promotion service of the French Embassy 
in Japan) 


[Text] Several maneuvers are currently taking place in Japan on the market for 
artificial vision applications. 


The very large companies are making a significant R&D effort, but do not 

expect to have industrial systems for another 3 years or so. This is particularly 
true for the major firms: Toshiba, Matsushita, NEC, OKI, Mitsubishi, and 
Hitachi. 


Remaining as observers, they are leaving the p th free to foreign companies, 
especially American ones who havea certain lead in the field--especially in 
software--and also to the smaller Japanese companies. They will recover the 
market later on when the potential of these systems, based on robotics and 
artificial vision, is clear. 


Research and Development 


The speed with which an environment is recognized depends on both the capacity 
of the computer system used and on the quality of the programming structures. 


On the hardware side, progress is not limited to the field of artificial vision 
but results from the general effort to build more effective data processing 
tools. 


Thus, the contributions to artificial vision are basically in the software 
area and this is perhaps especially true in Japan. 


A number of other subjects can be linked to “artifical vision": 


automation (sorting, counting,...), 

robotics (pick and place, robot guidance), 

CAD (geometric definition of a problem starting with an image or a drawing), 
image processing (screening, transformation, image synthesis), 


74 





- pattern recognition and pursuit of moving objects, 
- expert systems, 
- so called fifth-generation computers. 


Most of the developments and applications of these subjects are still in the 
research laboratories. They are complementary units that may lead to 
highly effective systems, but those systems are still over the horizon. 


In Japan ICOT (Institute for New Generation Computer Technology) is in charge 
of research coordination between these different sectors. Established in 
April 1982 by the Ministry of International Trade and Industry (MITI), ICOT 
has based its work on R&D in arcificial intelligence. 


As such that institution is deeply involved in problems of pattern recognition 
and image processing. 


The primary results thus far have involved the development of parallel 
computing to develop new, faster computers. 


The ability to increase the speed of image processing is a key for future 
development of pattern recognition for which the calculation requirements are 
often enormous. That is why we prefer to address this aspect of Japan's 
research in the context of fifth-generation computers, where the short- and 
long-term spin-offs may be significant for industry. 


Industrial Applications 


At the present time, artificial vision systems are widely used in Japan: for 
the inspection of such complicated patterns as the masks for integrated circuits 
or electronic cards for PC's, for the checking of medicine packaging, for 
positioning and assembly in industrial mass production lines. 


The Japanese clectronics industry has been a driving force in this field, and 
most companies in the electronics sector have developed aritificial vision 


systems. 


Fujitsu, for example, has developed a three-dimensional vision system to check 
IC welds. Each circuit is examined by a laser beam (helium-neo). The 
reflected beams provide an image which is analyzed by the system to detect 
defects of less than 10 microns on soldered wires whose size varies from 100 to 
35 microns. 


One of Hitachi's research laboratories has also developed a system to identify 
abnormal welds that could not be detected by simple electrical circuit tests. 
The method involves the replication of the circuit surface and the measurement 
of each point'’s position in order to create a three-dimensional image of 

the circuit. With that image a software program can quickly identify errors 
or welding defects. 


Mention should also be made of the significant role of the MITI 
electrotechnical laboratory in all aspects of artificial vision and more 
particularly on its robotics applications. 
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We will only mention some typical applications that have reached the industrial 
stage: 


SPIDER Image Processing Software 


SPIDER is a program library containing a very large quantity of algorithms 
(more than 400 subroutines) which are used for extremely varied applications 
in image processing. 


This software is important for the foll::ing reasons: 


- This is the only program library that is now commercially available; even if 
incomplete, the program library is already a well structured and finished 
product, and special care has been given to ensure its transportability; 


- It was developed by combining several public laboratories, national agencies, 
and private companies (about 30). It will thus spread easily in Japan; 


- The program library has already been exported to more than 40 countries, 
including France; 


- It is tending to become a standard for future image processing software. 
Possible applications are quite varied and include: 


- biomedical image processing (X-rays, microscopes, scanners, etc.); 
- inspectionof metals and chemical products; 

- quality control for medical products and textiles; 

- analysis of satellite images; 

~ industrial vision for robots; 

- non-destructive tests; 

- pattern recognition; 

- text recognition (use in office automation); 

- recognition of finger prints. 


This software is being demonstrated at the Monitoring Center of the University 
of Montpellier. The person in charge there is Professor Ippolito. 


EYEBOT System 


Manufactured by DAC, this system is one of the first on the Japanese market to 
integrate artificial vision and robot control for industrial purposes. It 
allows elementary guidance of robots moving in a workshop and also, using the 
same vision system, it can grasp objects (wafers, disks, etc.) to be loaded or 
unloaded on a support or it can position them with great accuracy. Reading 
and recognition of lot numbers is also possible. 


The movement of this system are guided simply by marks on the floor that the 
system recognize. An ultrasonic system also works to detect and avoid obstacles. 
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GRAPE 


The Japanese ADS company offers a medical application of industrial vision for 
counting of particles. The system can capture an image and process it with the 
help of a set of standard transformations. It cam then recognize and count the 
identified patterns. There are numerous possible applications: measuring of 
blood cells in living tissues and also inspection of semiconductors and 
detection of defects. 


MELCAD-DE by Mitsubishi 


This system can introduce data in graphic form to support CAD software. The 
dimensions of design pieces can be introduced either directly at the design 
level or later on during the validation phase. This is an interesting systen 
because it involves one of the less developed aspects of pattern recognition 
applied to CAD. 


Image Processing System and Pattern Recognition 


Hitachi has developed an LSI-ISP image processor for industrial color or black- 
and-white applications. The processor has been mounted on the Hitachi-IP 
series which are very high speed image processing systems. 


The principal characteristics of the Hitachi-IP system are the following: 


- On the hardware level the ISP processor provides an ultra fast and compact 
system supplying all the functions needed for image processing; digitizing 
can reach a speed of 167 nanoseconds per pixel, which allows real-time 
manipulation of images supplied by a TV camera. This processor is therefore 
1,000 times faster than an ordinary 16-bit micro. 


- An interface system between operator and processor allows coding of a large 
number of image processing algorithms; 


- Up to four monochrom TV cameras and one color camera can be connected to the 
system. Several input jacks are also available to connect other peripherals 
(linear image sensors, VCR's, etc.). 


The system architecture is composed of a 16-bit micro with a 68000 CPU that 
functions as a controller and sends the necessary requests to the image 
processor. 


The image processor (IMP) is composed of several processing units: 


- an address processor for input-output and definition of partial images (windows); 
- a screen memory with capacity up to 512 x 512 pixels; 

- a pattern extraction processor to find surfaces or edges; 

- a numbering processor to classify separate objects in a digital image; 

- a position processor to carry out the basic functions of image processing 

such as spatial turning or evening out of boundaries. 
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The position processor itself is composed of three processing units joined in 
pipeline. These units permit the transformation and arilysis of an image at 
very high speed. 


This system has been on the market for 2 years and has been sold to about 100 
companies (including only a few owned by Hitachi group companies). System prices 
vary from Fr 400,000 to Fr 800,000, depending on the model. 


The software functions are entirely conventional. The real advantage of the 
System comes from its image processing speed and relatively low price. 


Robot Vision (RV) of Nippon Avionics 


Nippon Avionics is a joint venture between NEC (51 percent) and the American 
Usercraft company. Originally the joint venture focused on military applications, 
but now government contracts do not provide more than 40 ,ercent of its business. 


Among the firm's most important products are assembly lines for IC's, image 
processing devices for infrared cameras and Robot Vision pattern recognition 
systems for directing robots. 


The RV-70, intended for special applications, is a simplified version of RV-200. 
Following an easy break-in period, the RV systems recognize different patterns 
(up to 40) and transmit the location of objects to direct a robot. 


The many applications range from preparing parts to more meticulous and precise 
tasks like assembling circuits. 


Advantages of the system are as follows: 


~ Great flexibility to go from one application to another; 

- Easy machine programming (a specialized language has been developed for this 
purpose); 

- A very large range of robots can be hooked up; 

- The system can also be linked to a CPU (even a PC) to provide an “intelligent” 
robot; 

~ Several cameras (up to four) can be linked to the system, thus allowing an 
assembly line to be monitored at several points. 


The company is now studying the possibility of connecting to CAD systems and, 
eventually, three-dimensional visicn probiems. 


The RV-70 is sold in Japan for about Fr 40,000 (CCD camera not included), and 
the RV-200 (with CCD camera) for about Fr 120,000. 


Outside the Japanese market sales are via OEM's. These manufacturers are 
responsible for maintaining the hardware. However, Nippon Avionics does 
train engineers from foreign countries on its systems but without accepting 
any responsibility for maintenance. 


25061/12951 
CSO: 3698/A198 
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TELECOMMUNICATIONS 


SATELLITE LAUNCH ‘UNOFFICIALLY’ DELAYED UNTIL 1992 
0WO10245 Tokyo KYODO in English 0240 GMT 1 Aug 87 


{Text} Tokyo, Aug 1 KYODO--The scheduled launch of Japan's first global 
resources prober satellite has been put back by a year until early 1992, 
sources with the Space Activities Commission said Saturday. 


The prober, code named ERS-1, is designed to help locate oil and other mineral 
resources on the earth from space, and was to be put into orbit in 1991. The 
Commission has now unofficially decided to postpone the launch, they said, 
citing a delay in the development of one of its components. 


The prober consists of the main satellite and a radar that can exactly track 
the geography of the earth even when it is obscured with clouds, as well as a 
sensor of solar rays reflected by the earth. 


The National Space Development Agency started the development of the main body 
in 1984, with the government-commissioned think tank resources sensing system 
undertaking the development of the sensor and signal disposal apparatus. 


‘ye sensor recognizes deposits on the earth by dividing short-wave infrared 
Lays ranging from 1.6 microns to 2.4 microns into four separate bands of 
wavelengths. 


Silicon chips for infrared ray solidification and visualization are used for 
the first time in the world in the sensor. A cooling device with low power 
charge and yet high capability that freezes the chips nearly to 200 degrees 
below zero is necessary. But development of the device is lagging behind 
expectations, the Commission sources said. 


The Commission, which is Japan's highest decision-making body on space 
development, will make the final decision on the rescheduling of the launch of 
the prober next Friday, according to the sources. 


/9365 
CSO: 4307/6075 








TELECOMMUNICATIONS 


CURRENT STATUS, OUTLOOK OF OPTICAL INDUSTRY OUTLINED 
Tokyo OPTRONICS in Japanese Sep 86 pp 50-53 
[Excerpt] 3. Current Status and Outlook of Optical Telecommunications 


In optical telecommunications, its major part is optical fiber 
transmission, although optical transmission in space is used partly. In 
Figure 26 [omitted] is shown the application fields of optical fiber 
transmission, with transmission distance and information quantity as 
parameters. 


The public telecommunications network may be subdivided into the subscriber 
system expanded around the switching centers, nationwide trunk transmission 
systems which connect the switching centers mutually, and optical fiber 
submarine telecommunications for long distance. In addition, the 
telecommunication networks in the new media cities or areas which are 
expected to make advancement in the future are shown as the region 
surrounded by the dotted line in the figure. 


The in-plant network is an important technology for construction of systems 
such as factory automation (FA) and office automation (OA). For the short 
distance field there are networks for lines within moving bodies or within 
equipment such as aircraft, ships, and motor vehicles. 


3.1 Public Telecommunications 


For interoffice trunk systems, those that utilize the 1.3 \m quartz 
multimode fibers of 6.3-100 Mb/s have been put to practical use since 1981. 
As a long-distance trunk system, a large capacity 1.3 vm band system of 400 
Mb/s which employs single mode fibers has been completed in 1085 between 
Asahikawa and Kagoshima as a main trunk line for INS. For intermediate 
distances, the repeater interval for optical fiber cables has sharply 
increased to 25 km in comparison to 1.5 km for coaxial cables, so that 
optical telecommunications are more economical because of the smaller 
number of required repeaters. 


Regarding che introduction of optical systems to the subscriber system, it 
was done in 1982 for image transmission, and experiments on high speed and 
wideband operation have been underway since 1984 using a model system in 
the Musashino-Mitaka district. On the other hand, with business use in 
mind a small-scale introduction in the form of a combination of video 
transmission and low-speed digital transmission hus been started. 
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In the middle and intermediate distance fields, market expansion and keen 
competition seem to continue by the participation of newly entering 
carriers such as Japan Telecom Co., Japan High Speed Telecommunication Co., 
and subsidiaries of electric power companies. The subscriber system will 
continue to have demands centered around industries. However, introduction 
of optical systems to general households, where large demand is expected to 
exist, will become available at costs which are fractions of what they are 
now. 


3.2 Optical Telecommunication Systems for Specific Users 
In Figure 32 is shown annual change in the number of installed optical 


telecommunication systems by user field. 
Related to: 
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Figure 3. Number of Installed Optical Telecommunication 
Systems by Specific User Field 


The installed number of systems in 1954 was only 50; in 1960 it became 600 
and the accumulated number of systems exceeded 1,800. In the early years 
of their introduction there were more systems for relatively large 
transmission distance such as data transmission that connected one point to 
another, ITV, telemetry, and the like as a field, which emphasizes the 
antinoise property, being used by the fields of electric power, railroads, 
iron and steel, and national projects. 


Recently, utilization among private manufacturers such as for plant control 
and machine tool in chemical, electrical, machine, and other factories has 
increased. In addition, applications to local area network (LAN) in 
universities, research laboratories, and commercial buildings and various 
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kinds of computer LAN networks have increased. Although the optical LAN is 
in keep competition with metallic cables in the low-speed field, demand for 
it is increasing not only in the high-speed field of above 32 Mb/s, but 
also in the low-speed field thanks to the reduction in cost for the optical 
systems. As a result, the mean transmission distance per system is 
becoming small, with 25 percent less than 1 km and 35 percent for 1-3 km, a 
total of 670 percent for the two. 


In addition, the market for simplified optical digital links that are used 
in NC devices, robot control, and the like has been expanding rapidly since 
1984. In these fields, cost performance has been improved rapidly due to 
selective use of quartz multimode fibers, plastic clad fibers, 
multicomponent glass fibers, and plastic fibers and the use of inexpensive 
LED as the light source. 


Optical telecommunication systems within mobile bodies have not as yet 
shown a true rise although a tendency for practical use in aircraft is 
showing up. Motor vehicles have the largest potential for the industry but 
the systems have not been in use except for expensive automobiles. The 
biggest task for the future is to effect a substantial cost reduction to 
one-fifth to one-tenth of what is now through development of heat-resistant 
and durability technology for the systems. 


The current status and trend of the optical telecommunications field have 
been presented. Summarized in Table 3 are products that are expected to be 
available in 1990 as a result of explicitly bringing out presently latent 
needs through realization of high performance of high speed and long 
distance for optical telecommunications and technical development for cost 
reduction. 


4. Current Status and Outlook of Optical Information Equipment 
4.1 Optical Disk 


Types and uses of optical disks are shown in Figure 4.3 at present, the 
type with high weight in the industry is that of exclusive use for 
reproducing. In particular, domestic demands of audio CD reached 1 million 
units in FY 1985, and now the number is surpassing that of LP. In 
addition, CD-ROM, too, is expanding rapidly in FY 1986. Furthermore, 
domestic demand for optical video disks reached 200,000 units in FY 1985, 
and is on the increase along with the perfection of the software. 


Addable type disks with large capacity of 200 and 300 began to settle as 
video files and document files. With the improvement of reliability, the 
trend is appearing for the use of small disks such as 130 for code data. 
In the rewritable type, a system which utilizes the photo-electromagnetic 
effect seems to be ready to be put into practical use. However, including 
the system which utilizes phase transition, it will be 2-3 years from now 
that the rewritable type will become fully operational. 


As shown in Table 4,1 optical disks as memory devices has the advantage of 
long life in addition to the features of large capacity and high density in 
comparison to he < .'sks or floppy disks. Making use of these features, 
optical disks are expanding the field of application to patent information, 


82 





Table 3, Future New Products Related to Optical Telecompunications 
New systems, equipment, and devices expected in 1990 


l. System 
(1) 1.6 Gb/s optical telecommunication system 
(2) 1.55ym band optical telecommunication system 
(3) Subscriber optical system 
(4) Optical CATV system (distributive system) 
(5) Multichannel multiplex video optical transmission system 
(6) New LAN 
o International standard/JIS reference optical LAN 
o Multimedia (including video) responsive optical LAN 
o Bus type optical LAN 
o Inexpensive optical LAN 
(7) Optical transmission system within equipment or device 














2. Equipment 
(1) Automatic optical fiber connecting device 
(2) Digital equipment for optical video transmission (CODEC, MUX, E/O, 
0/E) 
(3) Integrated optical node for LAN (SW, coupler, E/O, O/E, etc. are 
integrated 





3. Part and Element 

(1) DFB laser (popular) 

(2) OEIC (PIN-FET, repeater, etc.) 

(3) Ultra fast modulated light emitting elements (about 10 Gb/s, LE, 
LED) 

(4) Multi-wavelength and wavelength controlling LD 

(5) Visible light LD (for 0.6 um band and plastic fibers) 

(6) InGaAs-APD 

(7) Electronic optical switch 

(8) High speed optical switch 

(9) Optical T coupler (passive) 

(10) Optical waveguide path device (optical branching coupler, star 
coupler, etc.) 

(11) Integrated compound optical part (optical wave synthesizer and 
distributor, etc.) 
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Figure 4. Types and Uses of Optical Disks 


management of drawings an documents, management of insurance and real 
estate information and clinical charts, etc. However, further arrangement 
of software for each field is required. For the utilization of optical 
disks as external memories for computers, rewritable function will also be 
required, but it is also important to improve the reliability and 
standardization to secure compatibility. Furthermore, it is important to 
explore the methods of advantageously using optical disks, not simply using 
them as substitutes for floppy or hard disks. 


4.2 Optical Printer 
As a representative nonimpact type printer the gas laser printer has been 


used as a high speed output printer for large computers. However, the use 
of medium- and small-sized optical printers as OA equipment is on the 
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increase. Optical printers have superior printing speed and resolving 
power than other types of printers. 


In Figure 5 {omitted| are shown the current price and the printing speed of 


the gas laser printer, semiconductor laser printer, light emitting diode 
printer, and liquid crystal printer which belong to the optical printer, in 
comparison to those of other printers. It should be mentioned that in 
terms of the amount of money involved, the laser printers are currently 
occupying the majority. 


Although the gas lasers will continue to be in the lead for high-speed use, 
competition will intensify in the medium- and low-speed field among the 
three kinds of systems regarding miniaturization, reliability, and cost 
reduction. By about 1990, the cost is estimated to be reduced one-half to 
one-third, optical printers will enter the period of full-scale marketing, 
and the production scale is expected to reach about Y330 billion. 


4.3 Image Scanner 


The market situation is changing from the market centered around the 
exclusive-type image scanners, such as the electronic filing systen, 
digital PPC, and word processor, to the expansion of the market for general 
pur: se, popular type image scanners connected to OA work stations and 
pe.sonal computers. Technically speaking, with ainiaturization of the 
image scanner unit in mind, there is observed a tendency of using an equal 
magnification and contact type image sensor, in place of a CCD, as a light 
receiving element, and of using an equal magnification sensor by a 
combination of a CCD and an optical imaging system with equal 
magnification. 


The market for image sensors is estimated to expand as cost reduction 
proceeds in the future and exceed Y160 billion by 1990. 


5. Scale of the Optical Industry in 1990 


In Figure 6 [omitted] is shown the scale of the optical industry in 1990. 
The scale of production then is estimated to be more than Y2.5 trillion, 
which is thre2> times that of today. Of this figure. optical disks and 
compact disks will each occupy Y500 billion; optical input/output equipment 
will also be Y500 billion, with the share of optical information equipment 
reaching 670 percent. As a result, the ratio occupied by optical equipment 
and apparatus will increase to 74 percent. Japan is technically leading 
this field so that with a high ratio of export the field will reach a large 
industrial scale. 


On the other hand, as a result of a steady market expansion of optical 
telecommunications, the market of optical fibers is estimated to be Y140 
billion and that of optical transmission equipment to be Y139 billion. In 
the energy field, the most expected is the field of laser processors with 
Y107 billion, but solar cells will become Y28 billion as a result of 
expansion in the public welfare use and the entrance to the period of their 
actual use for electric power. 
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One may say that the optical industry has been led with optical 
telecommunications as its center until 1984. However, from the ;: esent to 
1990, it will shift to the era of optical new media industry with the 
optical telecommunication industry and the optical information equipment 
industry as both wheels of a vehicle. Im order for the optical industry to 
grow as described above, the following tasks must be accomplished: 

1) secure continued developmental investments for improving performance and 
reducing cost, and assistance from the nation for development of common 
base technology; 2) secure a demand environment, such as deregulation of 
the telecommunications field, improvement of laws and regulations related 
to new media, and promotion of international standardization; 3) establish 
a harmonious international relationship, such as local production in 
countries which need products and technical cooperation. 


FOOTNOTES 


1. Edited by Association for Promotion of Technology in 0; .cal Industry, 
"Trend in Optical Industry,” Structure of Optical Industry, March 1986. 


2. Idem., “Survey on the Current Status of Optical Telecommunication 
Systems,” March 1986. 


3. Idem., “Survey on the Trend in Optical Disk Technology,” March 1985. 
4. NIKKEI ELECTRONICS, No 386, 13 January 1986. 
5. Ibid., No 366, 8 April 1985. 


6. Fujiwara, SENI TO KOGYO, Vol 42(4), 1986, p 95. [Footnotes as published] 
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TELECOMMUNICATIONS 


BRIEFS 


MOVABLE EARTH STATION--Tokyo, July 8 KYODO--Mitsubishi Electric Corp., with 
assistance from Hubbard Communications Inc. of the United States, has 
developed a small movable earth station capable of transmitting and receiving 
audio-visual information via satellite, a Mitsubishi official said Vednesday. 

Mounted on a 6,000 cc light truck, the earth station can almost instantly 
begin transmitting audio signals and visual images via satellite to distant 
broadcasting stations, the official said. The movable earth station will be 
particularly useful in transmitting from inaccessible locations or sites 
without permanent earth station facilities, he said. He said Mitsubishi 
intends to sell the earth stations to Japanese television networks for about 
Y100 million each. The 6.6-ton earth station contains a transmitter, 
receiver, generator and a 2.3-meter parabolic antenna. The station is capable 
of relaying information simultaneously on one picture circuit, one hi-fi sound 
circuit containing several frequency bands between 50 hertz and 15 kilohertz, 
and five telephone circuits. The antenna is guided automatically by a sensor 
which determines the direction of the satellite, the official said. The 
official did not reveal the details of the relationship between Mitsubishi and 
Hubbard, but said the latter is already manufacturing and marketing similar 
movable earth station facilities in the United states. [Text] [Tokyo KYODO 
in English 0254 GMT 8 Jul 87 OW) /9365 
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TRANSPORTATION 


STATUS OF ELECTRONICS FOR MICRO CARS REPORTED 
Tokyo JIDOSHA GIJUTSU in Japanese Feb 87 pp 159-165 
{Text} 1. Introduction 


The sicrocomputer-controlled ignition system, MISAR, was used first in 1977 as 
an American car component, thus pointing to a future course of automobile 
electronification. 


From the beginning of the 1980s, the electronification of medium and small 
cars gradually progressed out of the necessity to curtail fuel consumption, 
increasing output and individualization; now, fuel jet systems have begun to 
be used even for commercial micro vans such as the Alto and Suzuki's (Every). 


As indicated in Table 1, micro car electronics started with transmissions and 
electronic meters and then extended to engines. 


















































Body, outfit, and 
Engine. Transmission electrical equipment 
Up to Electromagnetic 
1980 clutch 
1981 Automatic torque 
converter 
1982 Electronic meter 
(fluorescent character 
display tube) 
1983 Full transistor Air conditioner 
ignition IC regulator 
1984 Electronic control 4WD switch Electronic meter 
carburetor (liguid crystal) 
1985 | Electronic fuel jet 
1986 Automobile air 
conditioner 
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Here, we shall see the present situation of electronic controls with regard 
mainly to engines, torque converters, automobile air conditioners, etc. 


2. Engine Control Systes 


Small and sedium cars use sicrocomputers widely for such purposes as fuel 
control, ignition control, EGR control, and supercharge pressure control but 
micro cars use them only for fuel control. In ignition control, high 
performance has already been accomplished by adopting full transistor ignition 
and in EGR control, which is believed not to require very sophisticated 
control, sicrocomputers are not in use yet. 


Here, we shall see the electronically controlled (feedback) carburetor and the 
electronically controlled fuel jet. 


2.1 Electronic Control (Feedback) Carburetor Systes 


Feedback carburetors have been used for such cars as Cervo Turbo (Suzuki), 
Fronte (Suzuki), and Cuore (Daihatsu). These are all passenger cars and use 0? 
sensors and catalytic converter rhodia for compatibility between fuel 
consumption and exhausts and drivability. 


Figure 1 shows the carburetor feedback system of Fronte. For fuel control, 
the car uses the fuel (main or slow) control formula consisting of duty- 
control of the submain jet and the slow jet by respective control solenoids. 
Zoning can be a feedback zone, a fixed duty zone, a fuel cut zone, etc. by the 
use of a water temperature switch, a throttie switch, a suction negative 
pressure, and an ignition pulse; control is according to zones. 
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Figure 1. Diagram of Carburetor Feedback System (Suzuki Fronte) 
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2.2 Electronically Controlled Fuel Jet 


An electronically controlled fuel jet is used as a fuel supply system for the 
high-performance engines of a series of Suzuki cars including Alto Turbo, Alto 
Twin Cam, Every Turbo, and Gemini turbo. These are all commercial cars and do 
mot have Oz feedback but incorporate efforts to stabilize drivability and 
emission and improve performance at low and high temperatures, taking 
advantage of the great stability of fuel control involved. 


Ve shall now see Suzuki's EPI (Electronic Petrol Injection = electronically 
controlled fuel jet) systes. 


2.2.1 Figure 2 shows the composition of the Alto Turbo EPI system. This 
system has the following characteristics: 


1) It is a aultipoint formula with an injector in each cylinder. 


2) It is an all-cylinder simultaneous jet formula producing fuel jet for 
three ignition pulses. 


3) It is of the speed density formula (Formula D) determining basic jet time 
by engine speed and suction pipe pressure. 


4) It incorporates care to enable CO adjustment and idle speed adjustment 
with the same tuning as the carburetor. 
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Figure 2. Composition of EPI Turbo System (Suzuki Alto) 
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Chief among the components of this EPI system are a fuel pump, a fuel pressure 
regulator, an injector, a pressure sensor, and a control sodule (ECM). The 
fuel pump is available in two types: in-tank type (2UD) and in-line type 
(46D). Both are of the turbine type, small and light. The injector used is 
of the high resistance coil type and is controlled by constent current. 


The control module shown in Figure 3 uses an 8-bit sicrocomputer. Its 
connector is of a small 21 pin type and uses a small double-faced printed 
board 
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Figure 3. Block Diagram of EPI Control Module (Suzuki Alto) 


The throttle body has a simple structure comprising an integrated air valve of 
the wax type and is provided with a throttle switch Figure 4 shows the 
throttle body. 


2.2.2 Details of Control 


Table 2 shows the principal items of EPI control Specifically, this control 
includes fuel jet control, fuel pump control, idle-up control, diagnosis ana 
supercharge indicating lamp control, as in the case of the ordinary 
electronically controlled fuel jet system, but the types of input sensors and 
the number of points of control output are lisited 


(1) Fuel Jet Control: Regarding jet formulae, there are synchronous and 
asynchronous jets 


A synchronous jet is synchronized to the ignition pulse and there is one for 
each two revolutions of the crank. The basic jet time is decided by engine 
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Figure 4. Throttle Body (Suzuki Alto EPI Turbo) 








1 
1. Fuel jet control 
Synchronous jet control 
Basic jet time Acceleration correction 
Intake air temperature correction Idle CO adjustment correction 
Correction of increase after start Reactive jet time correction 


Warming-up increase correction 
Asynchronous jet control 
Fuel cut control 
Jet control at start 


2. Fuel pump control 
3. Idle-up control 


4. Diagnosis 


5. Supercharge indicating lamp control 





speed and suction pipe pressure. To this are added an intake air temperature 
correction, increase after start, warm-up increase, acceleration correction, 
reactive jet time correction, etc. found form outside air conditions (intake 
air temperature, etc.), engine warm-up conditions (cooling water temperature, 
etc.), vehicle operating conditions (throttle switch, etc.), vattery voltage, 
etc. Idle CO adjustment is accomplished by adjusting the external resistance 
value attached to the harness. There are also idle CO adjuscment corrections, 
etc. 
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By contrast, an asynchronous jet occurs when certain conditions exist. Early 
acceleration and acceleration duration are among the mein conditions. 


Fuel cut control is made at the time of deceleration, high engine speed or 
high supercharging. At the time of high supercharsing, the same effect as 
directly controlling supercharge pressure, (in the case of a small car) is 
achieved by optimally controlling injectors divided into two groups. 


At the time of startup, meanwhile, startup control is made by jetting at evety 
ignition pulse. 


(2) Other Controls: Controls other than fuel jet control are "fuel pump 
control" te stcp the pump at the time of engine stop even if the key is ON, 
“idle-up control" to speed idle revolutions at the time of high engine 
temperature by increasing the amount of throttle bypass air and "self- 
diagnosis" by which normal or abnormal system codes are constantly output from 
the monitor terminal. 


In some cars, the number of idle revolutions is controlled by three idle-up 
valves. 


3. Drive Control Systems 

Drive control systems include torque converters, electromagnetic clutches 
(Subaru Rex), and 2WD/4DW changeover by switches. Regarding torque 
converters, the two-speed automatic type is common but two-speed lockup 
(Daihatsu Mira Turbo) and the three-speed automatic type (Suzuki Every) have 
recently begun being used. 

Here, we shall discuss the three-speed automatic type. 

3.1 System Composition 

Figure 5 shows the system composition of Every. Being a micro car, Every has 
a simple composition system. 
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Figure 5. Composition of Three-Speed Automatic System 
(Suzuki Every) 
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A 4-bit microcomputer is used for the control module. The input is for the 
shift position switch, the throttle opening switch, the car speed sensor, the 
ignition pulse, etc. while the output drive has two solenoid shift valves. 


The shift position switch is used for two-range/L-range judgment. When both 
switches are OFF, the judgment is CPN range. The throttle opening sensor uses 
a three-contact switch and the throttle openness is divided by it into four 
parts. Car speed is detected by the lead switch provided in the speedometer. 


14.Z Details of Control 
Control items involved are: 1) shift control, and 2) fail-safe operation. 


The shift control consists of shift up of shift down according to throttle 
opsziness divided into four parts and car speed. Optimum acceleration 
performence and traveling feeling are obtained by it. 


In the case of shift from D range to two-speed range at high-speed traveling 
to assure safety, control to maintain three speeds continues until the car 
slows to less than 60 km/h. Similarly, in the case of a shift from D range to 
L range or from two-speed range to L range, control to maintain two speeds 
continues until the car slows to less than 35 km/h. 


As fail-safe measures for the control module itself, there are the short- 
circuit and open detection for shift solenoid valves and the car speed sensor 
wire break; the car is controlled so that it will always work on the safe side 
if any of these anomalies is detected. 


4. Air Conditioning Control 


Air conditioning control currently available is “air con" which only handles 
room temperature control by the ON/OFF operation of a compressor. However, 
some superior models, provided with “auto air con," control not only the 
compressor but also the mixed amount of warm and cool air, the air quantity, 
and even the switching of internal and external air from the temperatures o* 
internal air and external air, the quantity of solar radiation, and other 
factors. 


Here, we shall see the “auto air con" carried by Suzuki Alto and Suzuki 
Fronte. 


4.1 System Composition 
Figure 6 shows the system. The “air con" is based on the manual formula and 
has been automated by adding such items as a seasor, actuator, controller, and 


blower fan driver. It has the following three characteristics: 


1) It controls both internal/external air and temperature conditions for 
effective room cooling/heating and window defogging. 


2) The blower fan driver contains a built-in evaporator unit out of 
consideration for air and heat damage. 
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Composition of Automatic Air Conditioner System 


3) A soft-touch SW is used for the operating panel for easy operation by 


autostarting. 
4.1.1 Sensors 


Sensors 


used are listed in Table 3. 


Their positions were decided from the 


results of a vehicle test, from interior panel design and out of consideration 
Air for the internal air sensor 
is taken by the evaporator unit negative pressure suction and correction is 
made by the change in air quantity. 


for combined use as a manual air conditioner. 


Table 3, Automatic Air Conditioner Sensors 


Name of sensor, etc, _ 








Internal air 
External air 
Evaporator 
Solar radiation 
Set temperature 








Name of element Position installed 
Thermistor Dashboard 
Thermistor Front bumper 
Thermistor Evaporator 

Photo diode Dashboard 

Rotary volume Dashboard 
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4.1.2 Actuators 


Actuators used are of the motor type with a built-in potentiometer and are 
common except for the bracket and the crank arm. The air mix actuator is to 
control both the air mix damper and the hot water valve and is identical to 
that used in the manual air conditioner. Table 4 shows the positions these 
are installed and what they drive. 











Name of actuator Position installed | Object of drive 


Internal/external Evaporator unit Internal/external air damper 
air actuator 


Air mix actuator Blower fan unit Air mix damper + hot water 


valve _ 














4.1.3 Blower Fan Driver 


The blower fan drive used has a built-in evaporator unit and is composed of a 
power transistor, a shut resistor, a heat sink, etc. It is installed in a 
shape and arrangement decided after studying air damage and air flow. 


4.1.4 A/C Controller 


The controller used is composed of an 8-bit CPU, 8-bit A/D converter, 
operational amplifier, transistor, etc. and is provided behind the glove 
compartment box. Its functions consist of a manual air conditioner plus the 
following: 


1) Temperature conditioning control (air mix damper control) 

2) Internal/external air control (internal/external air damper control) 
3) Air quantity control (blower fan driver control) 

4) Control panel control 

5) Diagnosis 


4.1.5 Control Panel 


The control panel used is of the soft-touch SW formula and is installed in the 
dashboard. 


4.2 Details of Control 
With the exception of its outlet, which continues to be operated manually, 
this air conditioner has been automatized out of consideration for users 


(women, people ignorant of machines, and the aged) for operational 
convenience. 
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4.2.1 Temperature Conditioning Control 


Feed forward control (by maps + proportions) and derivative control with 
integral control action are basic to temperature conditioning control and 
responsibility and corrections are added to the basic blow-off temperature 
obtained from the external air temperature and the set temperature. 
Temperature conditioning is effected by driving the actuator and changing the 
air mix damper and hot water valve openness by the results of this 
calculation. 


Also, the bodily sensation of clear weather, cloudy weather, and nighttime is 
corrected by the solar radiation sensor. Further, the evaporator temperature 
control (external air temperature followup type) is used to reduce horsepower 
loss and cut fuel consumption. 


4.2.2 Internal/External Air Control 


The internal/external air ratio is controlled on the basis of external air 
induction, for room cleanliness and window glass defogging, and according to 
temperature conditioning. Also, the 100 percent induction of external air or 
internal air is produced temporarily for rapid cooling in hot weather or for 
rapid heating in frigid weather. Further, the entry of foul smells or dust is 
prevented and operability is improved by one-touch internal air control using 
a soft-touch SW. 


4.2.3 Air Quantity Control 


Eight-stage air quantity control is effected by power transistor duty control 
and a relay and air quantity is varied by internal air temperature followup. 
The air quantity change is gradual, thereby reducing noise, and the blow off 
of cold air is prevented by a three-stase procedure. 


4.2.4 Control Panel Contro’ 


SW operation is detected by 3 x 2 matrix scanning and a soft filter is used to 
prevent chattering. Also, synchronous LED drive is used in an effort to 
reduce the control port. Two stages: LED current shunting by light SW input 
and drive duty change by solar radiation sensors are used for night dimming, 
taking dusk visibility and night glare into consideration. 


4.2.5 Diagnosis 

Diagnosis was added by way of service (Table 5). The LED of the control panel 
SW is used to indicate places with anomalies and handles two displays: 
notifying users and service agencies should problems occur. 


4.2.6 Results of Control 


Figure 7 shows the temperature conditioning characteristics. Stabilized 
control for each set temperature and prompt temperature change is available. 
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Table 5, Air Conditioner Diagnosis 
lamp 
A/C | HI | LO lauto | R/F | Place with fault Symptom 
0 Internal air sensor Breaking of wire 
0 Internal air sensor Short circuit 
0 Air mix actuator Malfunction 
0 Internal/external air actuator/| Malfunction 
0 0 Evaporator sensor Breaking of wire 
0 0 Evaporator sensor Short circuit 
0 0 Air mix actuator Breaking of wire 
0 0 Air mix actuator Short circuit 
0 0 Internal/external air actuator; Breaking of wire 
0 0 Internal/external air actuator; Short circuit 
0 0 0 External air sensor Breaking of wire 
0 0 0 External air sensor Short circuit 
0 0 8) Water temperature sensor Breaking of wire 
0 0 0 Temperature setting dial Breaking of wire 
Q oj oO Temperature setting dial Short circuit _ 
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Room Temperature Response at Time of Cool-Down 














Figure 8 shows the effects of room temperature response at the time of cool 
down. One can see that blow-off temperature falls more quickly than it does 
when there is the circulation of internal air only. 


5. Display System 


Micro cars still do not use large full-digital meters using liquid crystals, 
etc. as do small and medium cars. But in 1982, an electronic meter using a 
fluorescent display storage tube and digitalizing car speed only (Figure 9 
[omitted]) was first used on the Suzuki Alto. Later, an electronic meter 
using a liquid crystal (Figure 10 [omitted]) was adopted for the Mitsubishi 
Minics. 


By now, a graphic turbo indicator indicating manifold pressure (Daihatsu Mira 
Turbo) and a graphic monitor indicating front wheel tire angle (Daihatsu Mira) 
have been adopted (Figure 11 [omitted]). 


6. Audio and Communication 


The mechanical button type AM radio still continues to be the mainstream in 
micro car audio and communication. However, there are cars with autotuning 
and AM/FM radios and cars with component stereo systems on an optional basis 
and, in the final analysis, some cars carry audio systems that are more 
expensive than cars themselves. 


The possibility of micro cars carrying CDs (compact disks) and DATs (digital 
tapes) will increase in the future with the progress of digitalization. it 
is, therefore, necessary for the acoustic characteristics of micro cars to be 
considered from the aspect of car designing. 


Further, the advance of the information-oriented society will make it 
necessary to have not only personal radio communication, as at present, but 
also multifunctional mobile-body communication. 


7. Conclusion 


The patronage of micro cars is spreading to young men because of the increase 
in their output but are still used mainly by women and older people. They 
must, therefore, the maintenance-free and permit their users to cope with 
mechanical failures. Besides this, decreased fuel consumption is the utmost 
demand of these cars. Under such circumstances, micro cars must be 
electronified. 


Yet, it is now difficult to incorporate many electronic systems into micro 
cars because of cost and installation space. So, the common practice is to 
use items designed for small cars in micro cars either as they are or with 
partial modifications. But to achieve the bet cost and performance in the 
future, systems, sensors, and actuators best suited for micro cars must be 
made and, to this end, one must step up one's R&D efforts. 


The future tendency in micro cars is toward electronifying control by 
sophisticated control theories and Al, networking the interior of the vehicle 
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and matching the vehicle with the i:formation-oriented society--the direction 
in which small and medium cars are about to proceed. 


The authors wish to take this opportunity to express their grateful thanks to 


people in the automotive electric equipment companies who cooperated with then 
in writing this article. 
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TRANSPORTATION 


BRIEFS 


SUPERCONDUCTING SHIP PROPULSION SYSTEM--Tokyo, 28 Jul KYODO--Sumitomo Heavy 
Industries, Ltd., has developed a small-sized lightweight superconducting ship 
propulsion system that can develop 650 horsepower, a Sumitomo spokesman said 
Tuesday . The new system, which is being jointly developed with the Japan 
Marine Machinery Development Association (JAMDA), is the second stage of a 
project expected to lead to the development of a 20,000 horsepower 
superconducting ship propulsion system in 4 to 5 years, the spokesman said. 
The new system, which is based on superconducting materials that lose their 
resistance to the flow of electrons when cooled close to absolute zero, uses a 
direct current motor and liquid helium refrigerator for cooling its niobiun- 
titanium superconducting coils. When installed in a ship, the system will 
consist of a gas turbine, superconducting generator and power supply for 
supplying electrical power liquid helium cooling and recovery devices, and 
the superconduction motor and helium refrigerator. The generator of the 
proposed 20,000 horsepower system will be from one-fifth to one-eighth 
conventional size, while the motor will be from one-third to one-fourth 
conventional size. Ships equipped with the new propulsion system will not 
require a mechanical power transmission path, and will have good 
maneuverability. [Excerpts] [Tokyo KYODO in English 0645 GMT 28 Jul 87 OW) 
/9365 


CSO: 4307/6077 END 
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